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BATT TASK 1
CELL DEVELOPMENT

TASK STATUS REPORT

PI, INSTITUTION: K. Striebel, Lawrence Berkeley National Laboratory
TASK TITLE - PROJECT: Cdl Deveopment - Cel Fabrication and Testing
SYSTEMS:. Low-Cost Li-lon, High-Power Li-lon

BARRIER: Inconssent evauation of the merits of candidate novel materias.

OBJECTIVES: The primary objective is to establish atest vehicle for the evaluation of new materids
for high-power and low-cost Li-ion cdlls.

APPROACH: Thetesting of novel materidsin astandard cell with preset protocols will provide the
necessary link between the invention of nove battery components and the diagnostic evauation of
falure modes, and will accelerate the development of a battery-powered EV. Thistask isa
collaborative effort, which includes the development of an appropriate test vehicle (cell geometry),
electrochemicd cycling, and cdl disassembly. Nove components will be developed in BATT Program
Tasks 2, 3, and 4 (anodes, eectrolytes, and cathodes) for baseline liquid and gel eectrolyte chemidtries.
These components are incorporated into a standardized cell with appropriate ratios of components (i.e.,
active materid g/eectrolyte volume) and tested with a consistent protocol to determine capacity, energy,
power, and lifetime characteristics. Components are then ddlivered to the PI'sinvolved with BATT
Program diagnogtics. Fabrication and testing of the third basdine cdll, i.e., Li meta/polymer/V 013, will
be carried out in the Electrolyte Task.

STATUSOCT. 1, 2000: Thisisanew project.

EXPECTED STATUS SEPT. 30, 2001: We expect to have semi-automated electrode preparation
hardware in place. We expect to have pouch cdl production hardware in place. We expect to have
basdline eva uations of Swagelok cdlls (and button cells) carried out with baseline materids received
from Quallion Corp. and afull testing protocol set up. We aso expect to have a prototype web site set
up with data from evauation/testing of basdline cells from Doo Y oun Corp. and Qualion Corp.

RELEVANT USABC GOALS: 10-year life, <20% capecity fade over a 10-year period.

MILESTONES: Our mgor milestone is the establishment of cdll fabrication and testing protocols.
While the test protocols are dmost completed, orders for eectrode fabrication equipment were delayed
by the late receipt of capita equipment funding. We are adjusting the date for this milestone to June
2001.



PROGRESSTOWARD MILESTONES

O Accomplishmentstoward milestone over last quarter:

A firg-generation test protocol was developed using Doo Y oun cellsreceived from Korea. These cdlls
are 640 mAh rated capacity and were received at about 50% state- of- charge with maximum current of
1C and lifetime of grester than 60% capacity retention at 300 cycles.

Table 1. Generation 1 Cdll Test Protocol

# | Tet Name Charge Discharge
1 | Theoretica Capacity (C/2 discharge to Viin) C/25 discharge to Viin
CCCV 10 Vi & Imin

2 | OCV vs. DOD CCCV t0 Vi & Craed C/2 10 10% Cigeq, 1 hr OC
hold x 10

3 Pulse Power Capability CCCV t0 Vi & Craed current pulses Imax & lpase
per procedure #3*

4 | Congant-Current Cycling | CCCV t0 Ve and Cigeq C/2 to Vi, for 80 cycles

5 | repeat steps 3 and 4 until capacity falls below 60% C4eq, discharge cdll to Viin,

disassemble and deliver components to diagnogticians

* USABC Electric Vehicle Batery Test Procedures Manud, rev. 2

Progress on the two mgor components of the cell fabrication part of the milestone, e ectrode
manufacture and test cell design, has also been made. Site visits were made to Qualion Corp. in Los
Angees, Mine Safety Appliances (MSA) in Maryland, and ANL in Chicago. In addition, discussons
were held with Hydro Quebec on two occasons.

A decison was made to pursue pouch cells as test vehicles for both Li-ion liquid and gd-dectrolyte
cdls. Inthe case of the liquid-dectrolyte cells, externa compression will be applied. A few of the
fixtures used by ANL will be prepared and used for comparison purposes from drawings received.
MSA was open about their techniques for the assembly and testing of pouch cells. Thisvehicle lends
itself to the preparation of cells of varying sizes and precise determination of ectrolyte volumes.
Following the discussions with MSA, work has begun on the preparation of electrode durriesto be
used in an automated coater. Unitil the coater is received, durries will be coated by hand using aknife-
edge and evauated for homogeneity, porosity and performance in asmadl-areatest cell (Swagelok cdl).

A purchase order for a bench-top coating unit with unwind, coating, drying and rewind modules has
been placed with Alliance EC, Susquehanna, PA.

Further plansto meet or exceed milestones

A preiminary web sSite has been deployed at http://Battdatalbl.gov/ for the posting of data generated in
thistask. The datawill be contained in a database for ease of maintenance.

Reason for changesfrom original milestones

The date of the origind milestone was adjusted back severa months to account for the date expected
for the receipt of the coater. Thisdday isduein part to the late receipt of capita equipment funding and
in part to the unexpected long lead time for the popular coater of 22 weeks, maximum.



TASK STATUSREPORT

Pl, INSTITUTION: T.J. Richardson, Lawrence Berkeley National Laboratory

TASK TITLE - PROJECT: Cdl Development - Materids Characterization Using X-Ray Diffraction
and Chemica Andysis

SYSTEMS: Li/Polymer, Low-Cost Li-lon
BARRIER: Short lithium baitery lifetimes.

OBJECTIVES. Accderate evauation of dectrode materids by structura characterization of active
components as received (or synthesized), following cdll disassembly, and in situ during cyding.

APPROACH: Andyze cycled dectrodes taken from basdine BATT Program cdls, seeking
deeterious phase trandformations in the bulk of the active materid and accumulaied inactive
decomposition products.

STATUSOCT. 1, 2000: Thisisanew task.

EXPECTED STATUS SEPT. 30, 2001: Establish active material compositions of cycled and
uncycled dectrodes from Cell Development and Cathode investigators (Striebel and Doeff). Correlate
phase transformations and accumulation of decompogtion products with cdl cycling performance.
RELEVANT USABC GOALS: 10-year life, <20% capacity fade over a 10-year period.

MILESTONES: Determine phase compositionsin cycled eectrode materids by the planned date of
June 1, 2001.



PROGRESSTOWARD MILESTONES

Accomplishmentstoward milestone over last quarter: Although the start of thistask has been
delayed pending reclassification of the PI, design and fabrication of hardwarefor in situ  x-ray
diffraction have been completed. Basdine XRD patterns for commercia cells received from K. Striebel
have been recorded and anadlyzed. Progress has been made toward hiring a post-doctord fellow, who
will dso work with M. Doeff.

The god of thistask isto identify phase trangtions and reaction by-products that contribute to capacity
lossinthe Li battery systems being investigated in the BATT program. The gpproach isto use x-ray
diffraction (XRD) and spectrascopic techniques to analyze the solid components of composite
electrodes at various stages of their cycle life, and to corrdae changes in compaosition with cdl
deterioration and/or failure. In addition to data obtained from the cells provided by the Cell
Development task, chemicaly and electrochemically treated active e ectrode materids are prepared and
characterized to identify the phases that may possbly be present in cycled dectrodes.

To date, sampling hardware for in situ XRD experiments (Fig. 1) has been designed and built. Inthe
firg stages, flat cdlls with beryllium windows will be studied in reflection mode. Once the capability to
produce pouch cdlsa LBNL isredized, these will be examined in transmisson geometry, which
reduces the effects of x-ray atenuation due to absorption by containment materias.
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Pogtive eectrodes removed from a Doo Y oun cell, which vented during short-term high-temperature
cydling, were examined and found to have sustained no sgnificant decomposition. Many more cdlls are
dill being cycled, and these will be andyzed after they have been dismantled.

Positive eectrode active materids including LiFePO, and LiyMnO, will be characterized prior to usein
cdll fabrication. Their oxidation and reduction products will aso be prepared and characterized so that
they can readily be identified in cycled dectrodes.

Further plansto meet or exceed milestones. It isanticipated that the milestone will be achieved
ontime

Reason for changes from original milestones: N/A



BATT TASK 2
ANODES

TASK STATUS REPORT

PI, INSTITUTION: K. Kinoshita, Lawrence Berkeley National Laboratory
TASK TITLE - PROJECT: Anodes- Carbon Materids

SYSTEMS: Low-Cost Li-lon

BARRIER: High Cod of Li-lon Batteries

OBJECTIVES: The primary objective isto identify alow-cost carbon (<$10/kg) for negative
electrodes in Li-ion batteries for eectric and hybrid vehicles.

APPROACH: Wewill continue our collaboration with industry (mainly HydroQuébec) to develop
low-cost carbons for Li-ion batteries. Our role will be to utilize the andytica and spectroscopic
fecilities at LBNL to characterize the properties of the carbons. Techniques such as high-resolution
€lectron microscopy, scanning electron microscopy, Raman spectroscopy, x-ray diffraction andyss and
thermal andysiswill be used to determine the physicochemical properties of carbon. Electrochemica
gudies to determine the reversible capacity and irreversible capacity loss of the carbons will be
conducted in laboratory-scale cdlls.

STATUSOCT. 1, 2000: Our results suggest that thereis a strong correlation between the irreversible
capacity loss and the relative fraction of edge Stes associated with the graphitized carbon sample.
Within the range of graphite particle Szes consdered in the study, thereis no Sgnificant correlation
between reversible capacity and the structural parameters associated with the crystdlitesize (i.e., L,
L,). Theseresults were obtained at reasonably low charge/discharge rates. We plan to examine these
effects at higher rates to determine the influence of particle Sze on the initid reversble capacity. This
study was conducted in collaboration with Hydro- Quebec.

EXPECTED STATUS SEPT. 30, 2001: We expect to identify achemica procedure that is lower
cost than therma purification processes to produce naturd graphite for Li-ion batteries. The samples
will be evauated in LiPFs-EC-EMC, LiTFS +cross-linked PEO, and LiBF, + cross-linked gel
electrolytes to determine their electrochemical performance compared to basdine systems.

RELEVANT USABC GOALS:. Develop low-cost carbon to meet the cost target for battery of
<$150/kWh.

MILESTONES. Complete andyssof particle-9ze effect on high-rate charge/discharge of flake
graphitein liquid eectrolyte. (03/01)



PROGRESS TOWARD MILESTONES
Accomplishments toward milestone over last quarter

Theintercdation rate of Li*-ionsin flake naturd graphite with particle size that ranged from  2to0 40
mmwas investigated. The intercalation of Li* ions, and the reversible capacity, was determined at
different C-rates following the definition by the battery community. For ingance, the C/24-rate
corresponds to 15.5 mA/g and C/4-rate is equivaent to 93 mA/g. The reversible capacity at these
rates was determined from measurement of the coulombic charge corresponding to de-intercaation of
Li" ionsin 1 M LiClO4/1:1 (volume ratio) ethylene carbonate-dimethyl carbonate. The key issuesin this
study are the role of particle sze and fraction of edge Sites on the rate of intercalation and de-
intercaaion of Li* ions. At low specific current (15.5 mA/g carbon), the composition of lithiated
graphite gpproaches the theoretical value, x = 1 in Li,Cs, except for the natural graphite with the largest
particle sze. However, x decreases with an increase in C-rate for dl particle szes. Thistrend suggests
that dow solid-sate diffusion of Li* ions limits the intercaation capacity of flake-like naturd graphite.
Theflake naturd graphite with a particle sze of 12 mm may provide the optimum combination of
reversible capacity (x >0.8 a 93 mA/g) and irreversible capacity loss (35 mAh/Q) in the eectrolyte and
discharge rates used in thisstudy. Andysis of the area of edge Sites and the intercaation current
showed no dependence on particle size. Thisfinding indicates that the transport of Li* ionsin the
electrolyte does not limit the intercalation capacity.

Further plansto meet or exceed milestones

Milestone has been completed. Focus of this task will shift to development of low-cost graphite for Li-
ion batteries. The effort will be conducted in collaboration with HydroQuébec.

Reason for changes from original milestones

N/A



TASK STATUSREPORT

PI, INSTITUTION: G.A. Nazri and D. Curtis, University of Michigan

TASK TITLE —PROJECT: Anodes- Optimization of Anodesfor Li-1on Batteries
SYSTEMS: Low—Cost Li-lon
BARRIER: Safety, irreversble capacity loss, and sdf-discharge.

OBJECTIVES:. The primary objective is to improve the overd| safety, cycle life, and shdf life of the
Li-ion battery, through development of a low-cost surface treatment process to dabilize the
anode/dectrolyte interface and reduce cell impedance.

APPROACH: Our approach isto coat the carbonaceous anode with an artificid SEI layer to provide
superior thermd and chemicd gability, as wdl as a high Li-ion conductivity for gpplication in high-
power Li-ion battery. The SEI will be engineered to be compatible with the other battery components
and processes developed for ATD GEN 1l chemidtry.

STATUS OCT. 1, 2000: We developed a Li-phosphonate based polymer stable in the operational
voltage range of carbonaceous anodes with the added benefit of fire-retardant properties. We aso
developed auniquein situ technique to explore the reactivity of anode/dectrolyte interfaces.

EXPECTED STATUS SEPT. 30, 2001: We expect to fully incorporate the artificid SEI layer on a
carbonaceous anode, and provide test results for improved rate capability, safety, and compatibility with
using alower cost and more stable eectrolyte. The process developed in this research will aso remove
undesirable impurities and reactive surface groups from carbonaceous anodes. We expect dso to
provide a working mechanism and a mode for the artificiad SEI layer to guide the scae-up of this
invention. This research work expectsto provide a practical graphite anode for Li-ion technology.

RELEVANT USABC GOALS. Improved safety of Li-ion batteries, long cyde and shef life,
compatibility for high-power batteries.

MILESTONES: Our milestones to synthesize and coat the anode with an artificia SEI, and provide
performance test results are expected to be completed by the planned date, September 2001.



PROGRESS TOWARD MILESTONES
Accomplishments toward milestone over last quarter

We have achieved high yidd synthesis of a Li-phosphonate polymer to serve as an artificid SEI layer on
graphitic anodes from low-cost chemicals. The dectrochemica dability test of the polymer has been
completed, and results indicate compatibility of the polymer with both anode and cathode of the Li-ion
battery. The polymer was coated on microelectrodes, and tested for its chemica and eectrochemical

gability. Cyclic voltammetry results indicate chemica and dectrochemica ability of the polymer inthe
working voltage range of fully lithiated graphite, LiCs. Further eectrochemica tests show high Li-ion
conductivity through this polymer film.

The Li-phosphonate polymer is also compatible with the mixed organocarbonate — LiPFs eectrolyte.
The gtability of the polymer has been tested in the following mixed binary and ternary dectrolytes. EC-
DMC, EC-DEC, EC-EMC, and PC-EC-EMC containing 0.7M LiPF.
Further plansto meet or exceed milestones

Our immediate plan is to test the Li-phosphonate polymer in asmall (2.54 cm diameter) Li-ion cell, and
measure the interfacid impedance of the anode and the cdl as a function of charge—discharge cycles.
The rate capability of the electrode aso will be tested from C/2 to 10C rates.

Thermd stability of the modified anode before and after charge—discharge cycleswill be examined. The

dability of the dectrolyte during charge-discharge cycles will be studied using previoudy developed
GC-MS and spectroscopy techniques.

Reason for changes from original milestones

N/A
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TASK STATUS REPORT

PI, INSTITUTION: M. Thackeray, Argonne Nationa Laboratory
TASK TITLE: Anodes- Non-Carbonaceous Materids
SYSTEMS: Low-Cost Battery

BARRIER: Cos and safety limitations of Li-ion batteries.

OBJECTIVES:. To replace carbon with an dternative inexpensive anode materid that will be
compatible, in particular, with low-cost manganese oxide cathodes. The project dso addressesthe
need for improved safety of Li-ion cdls

APPROACH: Our approach isto search for, characterize, and develop inexpensive intermetallic
electrodes that provide an eectrochemica potentid afew hundred mV above the potentia of metallic
Li, and that provide capacities >400 mAh/g and >1000 mAKhml (the theoretica capacities for graphite
are 372 mAh/g and 818 mAhmI, respectively). The task entails the synthes's and el ectrochemical
evauation of the intermetallic dectrodes and their structurd characterization by x-ray diffraction and
gpectroscopy. The reactivity of the intermetallic €ectrodes with the eectrolyte will be determined by
caorimetric techniques.

STATUSOCT. 1, 2000: We have identified intermetallic compounds with nickd-arsenide and zinc-
blende structure types for possible exploitation as anodes for Li batteries. CusSns and InSb were
identified as test cases for the prdiminary investigations of these types of materids, repectively; they
yield reversible capacities of 200 mAh/g and >1000 mARhml for 10-15 cycles. These novel materids
have exciting progpects for further development and improvement in performance.

EXPECTED STATUS SEPT. 30, 2001: Improvementsin eectrochemica performance from ether
new or modified intermetalic eectrode compositions based on tin and antimony compounds will have
been achieved. We expect to have improved the cycling Sability of these materials with reversble
capacities of 250 mAh/g and >1000 mAhmI for 40 cycles. Wewill have obtained preliminary data
regarding the thermd gtability of the intermetalic eectrodes with respect to organic-based eectrolytes.
We will aso have gathered a more detailed understanding of the behavior of NiAs and zinc-blende
electrodes in electrochemica cdls.

RELEVANT USABC GOALS: 10-yesar life, <20% fade over a 10-year period.

MILESTONES: The primary milestone will be to incresse the reversible eectrochemical capacity of
tin- and antimony- based e ectrodes from 200 to 250 mAh/g for 20 cycles by the end of April 2001, by
which time preliminary calorimetric datawill also have been gathered. A target of reaching a capacity of
250 mAh/g for 40 cycles by end of September 2001 has been s, by which time agrester insght of the
electrochemica mechanisms of tin- and antimony-based systems will aso have been gathered to enable
the identification of codt-effective intermetallic electrode structures.

1



PROGRESS TOWARD MILESTONES
0 Accomplishmentstoward milestone over last quarter

Work over the past quarter has focused on CusSns electrodes rather than InSb electrodes. Substituted
CusxMSns eectrodes, where M isatrangtion metd, have been synthesized and evauated in Li cdlls. In
particular, we have concentrated our efforts on establishing the role of the current collector and of M
substituents on the eectrochemica performance of the system. It was observed that Li/CusSns cells cycled
to voltages below 200 mV appeared to operate by a different mechanism when the standard Cu current
collector was replaced by Ni. In situ x-ray diffraction studies showed that with a Cu backing the reaction
with Li at theworking eectrode is.

10Li 12 Li
CuSns « 5"LibCusn” + Cu « 5LissSn + 6CU

When aNi current collector was used, the reverse-reaction to form CusSns appeared to be impeded. The
exact reason for the different eectrochemical behavior is not known at thistime athough it is speculated that
it may be related to some dissolution of Cu into the surface of the Ni current collector, or to asmal amount
of Ni incorporation into the host eectrode structure that might suppress the phase transition from Li,CuSn
(cubic) to CusSns (monodlinic).

Work has been initiated to study various subgtituted Cus.«M,Sns eectrodes in which M has been varied
from Mnto Zn. For Fe-subgtituted dectrodes (with Ni current collectors) a Sgnificant improvement in
capacity retention has been obtained over the initid cycles compared with pure CusSre eectrodes. The
figure below demonstrates how the capacity ddivered by a FeCusSns dectrode is sgnificantly impacted by
increasing the lower voltage limit of the Li/FeCusSng cells from 0 to 0.1V after 6 cycles between 1.2 and O
V, the capacity is 410 mAh/g, whereas after the same number of cycles between 1.2 and 0.1V, it is 240
mAh/g.

FeCu5Sn5 on Ni
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Cycleno

(0 Further plansto meet or exceed milestones

Plans to collaborate with US industry are in place to accelerate the collection of caorimetric data (both
isotherma and ARC) to determine the reactivity of the intermetallic eectrodes with organic-based
electrolytes.

[0 Reason for changesfrom original milestones: N/A



TASK STATUSREPORT

PI, INSTITUTION: M.S. Whittingham, SUNY at Binghamion

TASK TITLE - PROJECT: Anodes- Novel Materids

SYSTEMS: Low-Cost Li-lon Battery and Gl Battery.

BARRIER: Cog, safety and volumetric capacity limitations of lithium-ion batteries

OBJECTIVES:. To replace the presently used carbon anodes with safer materids that will be
compatible with manganese oxide cathodes and the associated dectrolyte.

APPROACH: Our anode approach is to explore, synthesize, characterize, and develop inexpensive
materias that have a potential about 500 mV above that of pure Li (to minimizetherisk of Li plating and
thus enhance safety) and have higher volumetric energy dengties than carbon. We will place emphasis
onsamplemetd dloys. All materidswill be evduated dectrochemicdly in avariety of cdl

configurations, and for therma and kinetic Sability.

STATUSOCT. 1, 2000: We have determined that vanadium and manganese oxides, in their highest
oxidation states, are probably not prime candidates. Pure aluminum was found to have a high capacity
and to react readily with Li, but its capacity faded rgpidly on cycling. Some smple binary aloys of
auminum and of tin have been identified and are being evauated.

EXPECTED STATUS SEPT. 30, 2001: We expect to improve the eectrochemica performance of
the materials identified, to have completed a survey of al duminum-based binary systems and their
reactivity with Li, and to have identified severd additiona norntduminum binary dloys. We will
complete a study of the lower-vdent MnV,0Os oxide.

RELEVANT USABC GOALS: 10-year life, <20% capecity fade over a 10-year period.

MILESTONES: Our mgor milestoneisto identify, by September 2001, a new smple materid (a
binary dloy) that has the potentid of higher volumetric capacity than carbon at about 0.5V reative to
pureLi. Inaddition, we will identify al known duminum binary aloys and their ability to react with Li
by August 2001, and our assessment of MnV,0s as an anode materid will be completed by April
2001.
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PROGRESSTOWARD MILESTONES

Accomplishmertstoward milestone over last quarter

We have investigated severd binary Al compounds, such as duminum carbide Al,Cs and duminum
boride AIB,, for their ability to react with Li. We hope by investigating such compounds thet the large
volumetric changes occurring during the reaction between pure auminum and lithium can be
amdiorated. These volume changes result in arapid loss of capacity as shown in Fg. 1, dthough this
appears to be strongly cdll dependent.
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Figure 1. Cydingof duminum metd in aclamped Swagelok cell.

The carbide reacts with 3 Li per formula unit on discharge between 0.8 and 0.05V vs. pure Li, but less
than 1 Li can be recovered on charge. The auminum boride compound reacts with 0.8 Li per formula
unit and up to hdf of this could be recovered on charging the cell. Theinitia capacity trandatesto 430
Ahv/kg dightly higher than that of graphite, 340 Ah/kg. Little change in the x-ray diffraction pattern was
observed after reaction.

French workers have made a study of MnV,0Og and have found positive results but with alow storage
capacity; other French workers have noted higher levels of success using nano-sized oxide materias.
MnV,0s, amaterid firg synthesized by us, should have a higher storage capacity because of its lower
oxygen content. We have synthesized a sample for eva uation as an oxide anode, and expect to
complete this study in the next quarter.

We are expecting delivery of a button cdl set-up this month, which will alow for more reproducible cdll
sysens.

Further plansto meet or exceed milestones. None

Reason for changes from original milestones: N/A

Presentation

“ Aluminum based anode materias for rechargeable batteries” S. Yang, P.Y. Zavdij and M.S.
Whittingham at the Materials Research Society National Meseting, Boston, December 2000. (to be
published in meeting proceedings).
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BATT TASK 3
ELECTROLYTES

TASK STATUS REPORT

Pl, INSTITUTION: J. Ker, Lawrence Berkeley Nationa Laboratory
TASK TITLE - PROJECT: Electrolytes- R&D for Advanced Lithium Baiteries
SYSTEMS: Li/Polymer and Low-Cost Li-lon

BARRIERS: Short lithium battery lifetimes, poor ambient temperature performance for polymer
electrolytes and low energy and power densities as aresult of polymer ingtability to 4-V cathodes.

OBJECTIVES:

- Determine the feagihility of the Li metal dectrode with organic eectrolytes and provide operating
conditions that prevent dendrite growth.

- Determine the limitations on Li-ion transport in polymer ectrolytes and composite e ectrodes and
develop new materids capable of ambient temperature operation with Li metd.

- Determine the limits of gtability of organic dectrolytes a high-voltage cathode materids (4 V) and
develop materids and methods to increase sability.

APPROACH: Through abaance of synthesis, anadys's, and modeling, aphysica organic chemistry
approach is taken to eectrolyte design, thereby ensuring that not only are the sources of poor
performance and failure pinpointed but the problem can be corrected through the materias design and
synthesis capabiilities thereby devel oped.

STATUSOCT. 1, 2000: Polymer synthesis capability has been established that facilitates the
production of linear and branched polymer networks for usein Li/polymer batteries and polymer gdl Li-
ion sysems. New polymerswith significantly higher conductivities are now available as are polymer
systems with higher voltage abilities than PEO.

EXPECTED STATUS SEPT. 30, 2001: We expect to complete a study of the effects of
mechanica, chemica, and transport properties of polymer eectrolytes on dendrite growth at Li meta
electrodes that will provide data to allow the system to be accurately modeled. We expect to prepare
and test polymer eectrolytes with room-temperature performance and to define the upper limits of ion
transport for polymer electrolytes. We expect to determine the practica cathode stabilities of polymer
electrolytes with adequate transport properties.

RELEVANT USABC GOALS: 10 year life, <20% capacity fade over a 10-year period, 1000
cydes, operating environment —40 to 65°C, specific energy >170 Wh/kg, specific power >300 W/kg,
<150$/kWh @ 20K /year.

MILESTONES:

1. Determine eectrolyte properties that inhibit dendrite growth (September 30, 2001).

2. Determinethelimits of Li ion mobility in polymer dectrolytes (September 30, 2001).

3. Prepare bulk materias (100g) for testing in the BATT Li polymer (April 15, 2001) and low-cost Li-
ion test systems (June 30, 2001).
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PROGRESSTOWARD MILESTONES

1. Accomplishmentstoward milestone 1 over last quarter: Electrolyte properties of importance
for the study of dendrite growth are transport properties, mechanical properties, and chemica reactivity.
To measure trangport and mechanica properties accurately, accurate measurement of the eectrolyte
dimensonsis necessary. To this end a device for measurement of the ectrolyte thickness has been built
that should provide the necessary accuracy. Rheologica equipment has been repaired and upgraded to
alow routine messurement of mechanica properties of dectrolytes. Severa batches (>20g each) of
comb-branch and linear cross-linkable polymers have been prepared, purified and characterized by
GPC.

Further plansto meet or exceed milestones. Include the preparation, characterization, and
testing of cross-linked polymer membranes to determine how trangport properties, mechanical
properties, and chemica reactivity promote or inhibit dendrite growth. This task will provide data for
the modeling group.

Reason for changes from original milestone: N/A

2. Accomplishmentstoward milestone 2 over last quarter: Lithium-ion maohbility in polymer
electrolytesis governed by the solvation of the Li ion, ion pairing to the anions, and the polymer
architecture. Further conductivity measurements on new polymers with solvating groups other than
ethylene oxide have been carried out. More materia has been synthesized to alow further testing of
macrocyclic groups, linear comb-branch, and linear polymers. The synthetic method is less than optima
and efforts have been made to find better syntheses.

Further plansto meet or exceed milestones. Collaboration with modding groupsinthe BATT
program and in the Office of Science program indicates that the gpproach will result in room-
temperature polymer eectrolytes. Synthesis and testing of these materias will be carried out in due
course. Cdculations carried out by Larry Curtis (ANL) indicate that higher conductivities than
previoudy expected may yet be achieved.

Reason for changesfrom original milestone: Pansfor this milestone have falen behind
schedule due to unexpected reactivity of the polymers that leads to cross-linking. This problem is under

study.

3. Accomplishmentstoward milestone 3 over last quarter: Large amounts (>100gm) of
polymers are under preparation for testing in the BATT Li/polymer system and the low-cost polymer gdl
system. Comb-branch and linear cross-linkable materia's have been prepared. Samples of PEO have
been obtained from manufacturers and arrangements made with battery companies to facilitate the
preparation of the polymer systemsin practical and credible battery test systems.

Further plansto meet or exceed milestones. Polymers dectrolytes will be formulated with sdts
and electrode components to provide separators and composite electrodes. Appropriate transport and
mechanica characterization will be carried out in addition to eectrochemica cell testing. Scale up to
100cn? areais planned.

Reason for changes from original milestone: Unexpected cross-linking of polymers has
impeded progress. This may be due to poor control over molecular weight in addition to photochemical
and thermal reactions of the ether units. This problem is under study in collaboration with polymer
manufacturers.
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TASK STATUSREPORT

PI, INSTITUTION: M. Ratner, Northwestern University

TASK TITLE - PROJECT: Electrolytes- Modding of LithiumVPolymer-Electrolyte Batteries
SYSTEMS: LithiunvPolymer, Gel Electrolyte

BARRIER: Reduced power dendty in lithium betteries.

OBJECTIVES: Our primary objective is the achievement of modding-based design protocols for
polymer eectrolytes and polymer gd dectrolytes, in lithium meta batteries.

APPROACH: This purely theoretical work uses both ab-initio €ectronic Sructure caculaionsto
optimize anionic components of the battery eectrolyte, and dynamic Monte Carlo caculationsto
understand and mode the effects of polymer physica properties (including gelaion and charge dendty)
on theionic conductivity, and therefore the power dengity, of eectrolyte batteries.

STATUSOCTOBER 2, 2000: We had completed the eectronic structure work, suggesting
moddlities for optimized anionic centers (delocdized charge, chemically “soft” centers, duminoglicate
rather than aluminate). Monte Carlo applications on the optimization of the phase diagram are

beginning.

EXPECTED STATUS SEPTEMBER 30, 2001: We should have completed the phase diagrams
for the comb/tooth polyeectrolyte (sngle-charge conductor) Li battery dectrolyte. We will dso have
begun generdized dynamic percolation models for optimization of the gel component in gel eectrolyte
batteries, and andyzed the possible percolation pathways for such structures.

RELEVANT USABC GOALS: 10-year life, conductivity of 10°Scm for stable eectrolytes, 10
“*S/em for Sngle-charge conductors,

MILESTONES: We have completed the milestone on eectronic structure modeling. The current
chdlenging milestone is, by June of 2001, to have completed the phase diagrams for the percentage of
charge dengty (Li baring) vs. neutra (polyether) side chains on the soft backbone of designed polymer
batteries.
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PROGRESSTOWARD MILESTONES

Accomplishments toward milestone over last quarter

We have completed the milestone on eectronic structure modeling. The current chalenging milestone
is, by June of 2001, to have completed the phase diagrams for the percentage of charge dengity (lithium
baring) vs. neutra (polyether) side chains on the soft backbone of designed polymer batteries. More
specificaly, Jm Snyder (ajoint graduate student with Shriver) is caculating the conductivity asa
function of the mole fraction of lithium containing Side chain “teeth” on a soft hydrocarbon backbone.
These comb/tooth motif structures are the most generd context for charge Li conductors based on
polymers.

* Further plansto meet or exceed milestones:

By June of 2001, we should have complete results for the homogeneous case. The milestone for the
remander of 2001 will involve the gel eectrolytes.

Reason for changesfrom original milestones:

We had proposed a gtatic/dynamic percolation picture for optimizing the percentage of gd agent. Work
on thiswill not begin until the phase diagrams are completed: we anticipate completing this part by
January 2002.
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TASK STATUSREPORT

PI, INSTITUTION: SA.Khan, P.S. Fedkiw, North Carolina State University; G.L. Baker,
Michigan State University

TASK TITLE - PROJECT: Electrolytes- Composite Polymer Electrolytes for Lithium and Lithium-
lon Batteries

SYSTEMS:. Li/Polymer
BARRIER: Short lithium battery lifetimes and high codts.

OBJECTIVES: The ultimate objectives are to develop composite polymer dectrolytes that are low-
cog, have high conductivities, impart eectrode-eectrolyte interfacid ability, and yidd long cydelife.

APPROACH: Our approach isto use surface-functiondized fumed slicafillersin BATT-basdine
systems to determine the effects of filler type and concentration on interfacia stability and cdll cydling.
We intend to correlate these eectrochemical characteristics with mechanical properties and materiads
chemidry (e.g., slica-type or PEO-type, synthesized by Baker or Kerr, respectively). Datato be
collected include modulus, ionic conductivity, Li cydling efficiency, Li-eectrolyte interfacid resistance,
and full-cdll cyding capecity usng 3-V cathodes.

STATUSOCT. 1, 2000: We egtablished that fumed silica-based composite e ectrolytes with low-
molecular weight PEOs exhibit conductivities exceeding 10° S/cm at 25°C; have eectrochemical
properties (Li trandference number, conductivity) decoupled from mechanicd properties, thus providing
arange of mechanica modulus (as high as 10° Pa); and, the presence of fumed silica enhances Li-
eectrolyte interfaciad stability, athough the extent and mechanism remain to be determined.

EXPECTED STATUS SEPT. 30, 2001: We expect to determine how fumed silica (hydrophobic
R805 and hydrophilic A200) affect full-cdl cyding usng vanedium-based, 3-V cathodes and basdline
PEO-type materiadsin coin cdls. We aso expect to identify to what extent fumed silica enhances
interfacid gability in low-molecular-weight PEOs and begin extending the analysis to base-line PEO
materids. We expect to characterize how interfacid stability is related to the mechanica properties,
working in close collaboration with Kerr.

RELEVANT USABC GOALS:. 10-year life, <20% capacity fade over a 10-year period.
MILESTONES: Our mgor milestones to determine the effects of fumed silica (hydrophobic R805

and hydrophilic A200) on full-cdl cycling and interfacid stability are expected to be completed by
September 2001.
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PROGRESS TOWARD MILESTONES
Accomplishments toward milestone over last quarter

We have been in atrangtion period in the last quarter and are now focusing on the basdline systlem. In
this regard, we have carried out full-cdl cycling usng manganese oxide cathodes, but will focus on
vanadium oxide cathodes in the next quarter to comply with BATT guidelines. A post-doctoral
candidate accepted our offer to work on the project but subsequently rescinded his acceptance due to
persona reasons.

We have initiated our research on full-cdl cyding usng vanadium-based, 3-V cathodes. V¢O,3 from
Kerr-McGeg, graphite SFG 15 from Timca, and PV DF binder from Kynar are used as our cathode
materids. We have been working on establishing a standard procedure and optimizing compositions of
vanadium oxide cathodes. Full-cell cyding at 0.1 mA/cnf using vanadium oxide cathodes has also
garted with liquid dectrolyte and 10% R805 composite.

The mechanism of ion trangport and how to tune the eectrolyte remains an arearich in opportunity and
poor in consensus anongst researchers. We continued our study of the fundamentals of ion trangport
using techniquesin NMR, rheology, and dectrochemistry. Our research agrees with the overal view
that the more motion a polymer chain has the better the tota charge transport. However, at extremely
high concentrations (those corresponding to Li:O:1:5) the charge transport is not optimum but the Li
transference gpproaches 0.5 due to aredtriction of the mobility of the anions. The lower conductivity
may be acceptable under certain conditions given the higher Li transference number.

We have finished ingaling a computer-controlled impedance measurement system that can measure the
impedance of up to ten samples as afunction of temperature. The automated system was creeted in
Bridgeview and interfaces with a serid- controlled programmable water bath and an EG& G PAR 273
potentiogtat through EG& G’ s PowerSine software. The new system will significantly reduce the number
of man-hours needed to measure conductivity.

Further plansto meet or exceed milestones

We plane to hire a post-doc within the next quarter and continue full-cdl cyding usng vanadium-based,
3-V cathodes. Because the low-MW PEO is an andog for the hign-MW system, we will initiate our
efforts with this polymer. Wewill dso focus on interfacia gability studies using base-line materidswith
fumed slica. In conjunction with Kerr, we will aso focus on corrdating mechanica propertiesto
interfacid gability.

Reason for changes from original milestones
Our milestones have been modified from the AOP submitted in July based on the reviewers comments

and after discussons with LBNL personnd (e.g., Kerr) to be compliant with BATT guidelines and to
make a synergigtic tie with the dectrolyte effort of Kerr's group.



TASK STATUSREPORT

PI, INSTITUTION: D.F. Shriver, S. Vaynman, Northwestern University
TASK TITLE - PROJECT: Electrolytes- Highly Conductive Polyeectrolyte-Containing Rigid Polymers
SYSTEMS: Li/Polymer

BARRIER: Low ionic conductivity of the polymer dectrolyte, eectrochemica ingability of the
polymer electrolyte toward Li electrodes.

OBJECTIVES: The primary objective isto synthesize and test anew class of highly ionic-conductive,
rigid polymer eectrolytes for rechargeable Li batteries.

APPROACH: Our gpproach isto modify the highly ion-conductive rigid polymer eectrolytes
previoudy synthesized a Northwestern University by replacing dectrochemicdly ungtable carboxy
groups with more inert oxygen-rich functiona groups such as sulfones, thus increasing the sability of the
electrolyte toward the Li dectrode. If this or rdated ingtabilities with sulfone-containing polymer
electrolytes are encountered, we will prepare new polymer dectrolytes. One such possibility isabilayer
electrolyte with an oxidation resgant fluorocarbon backbone on one side and a reduction-res stant
hydrocarbon or hydrocarbon ether backbone on the surface in contact with the Li electrode. At least
two polymer-salt complexes and polyelectrolytes will be synthesized, and their properties will be
measured. These eectrolyteswill be tested in Li cdlls. Before polymers are synthesized we will test the
dability of the smdl-molecule andogs of the polymersin contact with Li metd.

STATUSOCT. 1, 2000: We synthesized highly conductive rigid polymer dectrolytes that contain
functiona groups such as carboxy and sulfone and tested them in cells. Polymer-sat complexes that
contain carboxy groups have high ionic conductivity (~10* Slcm at room temperature), but are unstable
toward Li. Theionic conductivity of arecently synthesized polymer-salt complex that contains sulfone
functional groupsis lower (~5x10°® S/cm at room temperature), but the stability toward Li is much
higher than that of polymer-salt complexes that contain carboxy groups.

EXPECTED STATUS SEPT. 30, 2001: We expect to synthesize and test in cells a number of
sulfone-containing rigid polymer eectrolytes and polyed ectrolytes thet display favorable ionic
conductivity and good e ectrochemica stability toward battery components. Also, we expect to scae
up the synthesis of the most promising eectrolyte(s) and send them to LBNL for large-scae testing.

RELEVANT USABC GOALS: 10-year life, <20% capecity fade over a 10-year period.

MILESTONES. Our mgor milestones are:

1. Tosynthesze and test promising polymer systems by 6/2001 with the god of conductivity higher
than 10* S/cm at room temperature. The resistivity of the Li/polymer eectrolyte cdll should not
increase more than twice during the first week of testing.

2. To scde-up the synthesis of the most promising polymer eectrolyte and to send it by 10/2001 to
LBNL for cdl fabrication and testing.
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PROGRESS TOWARD MILESTONES
Accomplishmentstoward milestone 1 over last quarter

Our project focuses on:

a. chemicd synthesis of highly-ion-conductive rigid polymer ectrolytes,

b. sudy of theion-transport properties of these electrolytes,

c. invedtigation of interactions at the Li electrode/polymer eectrolyte interface,
d. tedting of the dectrolytein a battery configuration.

During the last quarter we studied the stability of the polyarylsulfone (Fig. 1a) toward aLi eectrode and
tested this polymer dectrolyte in abattery. These studies indicated that the polyarylsulfone- containing
polymer eectrolyte is much more stable toward Li meta than PVICOX, the rigid polymer-sdt complex
that contains carboxy groups. This polyarylsulfone-containing polymer eectrolyte was tested in a
Li/polymer dectrolyte/Li,MnO, cell and a capacity of up to 100 mAh per gram of active cathode
materid was achieved at current density of 15 mA/en?. However, the capacity was reduced
sgnificantly with an increase in current density to 40 mA/cn? due to comparatively low conductivity of
the polyarylsulfone-containing polymer dectrolyte (~5x10° S/cm at room temperature).

@ (b)
Figure 1. Structure of polysulfones under investigation.

o o

Another sulfone-containing polymer (Fig. 1b) isbeing synthesized in our laboratory a the present time.
Wewill explore different synthetic routes to this polymer with emphasis on high yield. We anticipate
that when doped with sdlit, this polymer (b) will display higher ionic conductivity than that of polymer (@),
because the polymer (b) has higher density of cation coordinating sites than (). We aso expect high
gability of polymer (b) toward Li.

Further plansto meet or exceed milestones

We expect to meet our milestone by synthesizing the sulfone-containing polymer (b) in the next month
and then tegting its Sability toward Li. Thiswill be followed by the testing of polysulfone/sdt complex in
aLi/polymer dectrolyte/LiyMnO, cdl.

Reason for changes from original milestones

N/A



TASK STATUS REPORT

PI, INSTITUTION: K. Kinoshita, Lanrence Berkeley Nationa Laboratory
TASK TITLE - PROJECT: Hlectrolytes - Electrolyte Additives
SYSTEMS: Low-Cost Li-lon

BARRIER: SHfety of Li-lon Batteries

OBJECTIVES:. The primary objectiveisto identify chemica additives that improve the safety of
nonagqueous dectrolytes for Li-ion batteries by stahilizing the SEI layer on carbon.

APPROACH: A study will be undertaken to identify suitable additives that function as aradica trep
for the radical anions produced by solvent reduction. We propose to use this concept to identify
species that are incorporated in the SEI layer to improve its stability. Thistype of reaction product will
be evdluated as additivesin gel and liquid dectrolytes. Based on our studies of reaction products
obtained by therma decomposition of the eectrolyte, compounds that decompose to form polyether
and polycarbonate oligomers will be studied as additives. Electrochemica evauation of additivesto
determine the reversible and irreversible capacity loss will be conducted in coin cdls using the basdine
liquid or gel dectrolytes. TEM and AFM will be used to study the effect of additives on the thickness
and gtructure of the SEI layer and the irreversible capacity loss of carbon eectrodes. Therma andysis
Sudies will be used to determine the thermal stability of carbon eectrodes cortaining a SEl layer.

STATUSOCT. 1, 2000: Experimentswere initiated to determine the thermd stability of a basdine
eectrolyte[1 M LiPFs in amixture of 1:1 EC/DMC]. The dectrolyte was hested to 85°C, and
samples were removed periodicaly for andysis by gas chromatography (GC). The GC trace from the
electrolyte mixture shows two clearly separate solvent peaks for DMC (5-min retention time) and EC
(about 14.1-min retention time) aswell as alarge new peak at 13.8-min retention time and severd
others of lower intengity. The pesk intensity for EC decreases as afunction of storage time, indicative
of the gradually decompaosition of EC at 85°C. On the other hand, the GC signal for DMC remains
essentidly condtant in intengity, indicating that DMC is stable during Storage at 85°C. The mgjor new
compound was identified as diethyl 2,5 dioxahexane carboxylate (DEDOHC), which increases with
time of storage at 85°C.

EXPECTED STATUS SEPT. 30, 2001: We expect to identify achemica additive that enhancesthe
therma gtability of the SEI layer on carbon. The additives will be evaluated in aliquid dectrolyte to
determine their dectrochemica performance compared to basdine systems.

RELEVANT USABC GOALS: Identify additives that improve the safety of Li-ion batteries.

MILESTONES:

1. Identify desired structura features of additives that enhance SEI properties (12/00).
2. Evaduate the effect of polycarbonates as additives for improving the thermd stability of the SEI layer
on carbon eectrodes (9/01).
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PROGRESSTOWARD MILESTONES

Accomplishmentstoward milestone 1 over last quarter

A survey of recent US patents and research publications was undertaken to identify the desired
structura festures of additives that enhance SEI properties at negative electrodesin Li-ion batteries.
Electrolyte additives serve many functionsin Li-ion batteries, such as

- Improve dectrolyte nonflammability

- Improve stability of SEI layer

- Minimize gas evalution in cdl

- Decrease firg-cycle capacity loss

- Enhance cycle and cdendar life

Overcharge protection involving aredox shuttle or monomer additive that polymerizes at voltages
gregter than maximum operating voltage

The evidence suggests that additives and/or degradation products of the additives should be
incorporated in the SEI layer to enhance its Sability. Acceptable additives should have the following
characterigtics:

1. solubleinthedectrolyte

2. can be modified to areduced sate subgtantialy without forming agas

3. form apassvating layer to substartidly block the dectrolyte solvent from contacting the

carbonaceous surface to prevent gas generation
4. incresse firg-cycde coulombic efficiency
5. reduce capacity fade.

Further plansto meet or exceed milestone
Experiments will be conducted with additives that are expected to decompose during the initia
intercalation (charge) of carbon eectrodes in the basdine eectrolyte. Samplesof ATD GEN 1 anodes
that were lithiated in basdline eectrolyte, with and without additives [polycarbonate from LBNL and 1T
flame retardant (hexamethoxy- tri- aza- phosphazene)] were received. TEM andyses will be conducted
to determine if the SEI layer can be observed and if the additive has an affect on the structure of the SEI

layer.

Reason for changesfrom original milestone: N/A

Accomplishmentstoward milestone 2 over last quarter
Based on our andysis, additives and eectrolyte solvents that form intermediate radica anions during
cathodic reduction (i.e., during the formation step in Li-ion batteries) are desirable to produce a stable
SEl layer. Reactions of the intermediate radical anions with the solvent and/or the additive, before
further reaction of the solvent to form gaseous species, are expected to form more stable SEI layers.
Polymerization of the degradation products may aso be involved to enhance the stability of the SEI

layer.

Further plansto meet or exceed milestone
We arein the process of hiring a post-doc to conduct the research.

Reason for changesfrom original milestone: N/A
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TASK STATUSREPORT

PI, INSTITUTION: J Prakash, lllinois Indtitute of Technology

TASK TITLE - PROJECT: Electrolytes - Nonflammable Electrolytes and Therma Characterization
SYSTEMS: Li/Polymer and Low-Cost Li-lon

BARRIER: Thermd safety

OBJECTIVES:. Thegod of this proposd isto assst DOE/BATT in developing advanced high-
performance Li-ion cdlsfor dectric and hybrid vehicles. The objectives of thisproject are (1) to
develop nonflammable dectrolytes with high flash point (>100°C), ionic conductivity (10 S/cm), and
wider voltage window (0-5V vs. Li); and (2) to evaduate anode and cathode (being developed in the
BATT Program) materiasin coin cdlls usng thermd diagnostic methods.

APPROACH: Our research gpproach will include (1) the development of thermally stable and
nonflammable e ectrolytes to provide safety and (2) thermd diagnostic studies of the basdline Li-
polymer and low-cost Li-ion cdls using differentid scanning caorimetry (DSC), isothermal
microcalorimetry (IMC), and accelerated rate calorimetry (ARC) in order to understand the
degradation, failure, and safety mechanisms.

STATUSOCT. 1, 2000: We completed the synthess of the flame retardant (FR) hexa- methoxy-tri-
aza-phosphazene N3P; [ OCH;)e and supplied 10 gram of this materid to the ATD Program (ANL and
PolyStor) for further testing in PNGV Li-ion cells. We dso completed the therma and el ectrochemical
characterization of this FR additive in Li-ion cdlls usng cydic voltammetry, AC-impedance, cell cycling,
DSC, and ARC.

EXPECTED STATUS SEPT. 30, 2001: We expect to synthesize two flame-retardant additives,
hexa- ethoxy- tri-aza- phosphazene (HETAP) and urea-diphosphonate (URDP), and characterize their
electrochemica and therma behavior in low-cost Li-ion cdlls. We aso expect to complete the synthesis
and characterization of two thermally stable and corroson-resstant modified imide salts LiN(SO.X),
(X=-CFK(CF3), and -C(CF5)3). In addition, we expect to characterize the therma behavior of Li-ion
cdlscontani ng gr&phlte and Sn-based mOdeS, LiAI0,05N i0.8C00.1502 ad Li1.02A|0.25M n]__7503.9280.03
cathode in LiPFs-EC-EMC and LiBF, + cross-linked gel eectrolyte.

RELEVANT USABC GOALS: Thermd and fire safety of the EV batteries under normd and
abusive conditions.

MILESTONES:

1. Thescde-up synthesis of the FR additive HMTAP and the thermd characterization of the FR
additive HETAP are expected to be completed by the planned date of April 2001.

2. Thetherma characterization of graphite anode (for comparison purposes) usng IMC and DSC is
also expected to be completed by April 2001.
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PROGRESSTOWARD MILESTONES

- Accomplishmentstoward milestone 1 over last quarter

1) During the last quarter, we completed the synthesis of the flame retardant (FR) hexa- methoxy-tri-
aza-phosphazene N;P;[ OCH;ls (HMTAP) and supplied 10 gram of this materid to the ATD group
(Argonne Nationa Laboratory) for further evauation in PNGV Li-ion cdlls,
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Figure 1. Effect of the dectrolyte with variouswt% HM TP on the performance of Li-ion cells.

2) We completed the thermd and eectrochemica characterization of this FR additive in cells usng
cydic voltammetry, AC-impedance, cdl cycling, DSC, and ARC, and investigated the effect of
amount of the HMTAP on the performance of the Li-ion cdls. Various amounts of the FR additive
HMTAP (1 to 10 w%) were used in these Li-ion célls. The results of these sudies are shown in
Fg. 1. It can be seen from this figure that there is no detrimental effect of the amount of the FR
additive on the Li-ion cell performance.

3) We ds0 presented a paper entitled “Studies on eectrochemica and therma properties of Li-ion
battery dectrolytes with different sdts’ at the Phoenix ECS Meeting (Abgt. 143)

Further plansto meet or exceed milestones

We plan to complete the scale-up synthesis of the FR additive HMTAP and provide the sample to
ANL in order to reproduce the previous results obtained by ANL on Li-ion cdls. In addition, we also
plan to collaborate with LBNL in carrying out investigations deding with the HMTAP in order to
undergtand the cataytic reaction of the FR additive with the eectrode/dectrolyte at higher temperatures.

We will dso deveop new flame retardant additives [hexa-ethoxy-tri-aza- phosphazene and urea-
diphosphonate) and new Li-sats with high conductivity and high thermal stability to reduce sef-heet rate
(SHR) especidly at higher temperatures during therma runaway.

Reason for changes from original milestones

The evaduation of the HMTARP carried out in collaboration with ANL showed that the presence of FR
additive increases the onset of the therma runaway of the Li-ion cells by more than 25°C. This shiftis
very encouraging for the safety of the Li-ion cells. However, the SHR at temperatures beyond 265°C
was found to increase in presence of HMTAP. In order to address the issue of SHR a higher
temperatures and to meet the milestone, we will aso pursue new FR additives as described in section B
with reduced SHR at higher temperatures as a possible replacement for HMTAP.
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TASK STATUS REPORT

PI, INSTITUTION: A.McEwen, Covalent Associates, Inc.

TASK TITLE - PROJECT: Electrolytes - Nonflammable Electrolytes for Li-ion Batteries
SYSTEMS: High-performance nonflammable eectrolytes for Li-ion batteries

BARRIER: Limited thermd gahility of Li-ion eectrolytes

OBJECTIVES:. The primary objective is to develop nonflammable dectrolytes for Li-ion batteriesto
meet DOE sofety gods These dectrolytes will be optimized for the cdl objectives for liquid
electrolytes outlined by the BATT program.

APPROACH: Our agpproach is to synthesize new ionic liquids and to formulate these into Li-ion
electrolytes with the addition of Li sdts and common solvents. We determine their suitability by
measuring conductivity, Li intercaation, and cyde life of haf-cdl and full-cdl batteries usng these new
eectrolytes. Fammability and flashpoint of the dectrolytes are determined.

STATUSOCT. 1, 2000: We demongtrated along-lived Li-ion battery using a nonflammable ionic-
liquid-based eectrolyte. Over 40 cycles were obtained from a graphite/LiCoO, coin cell bettery.

EXPECTED STATUS SEPT. 30, 2001: We expect to identify an optimum nonflammable ionic liquid
formulation for Li-ion battery eectrolytes based on performance and price. The compatibility of these
ionic liquid dectrolytes will be determined with the sysems of interest. We will investigate dternative
cathodes and anodes from the LiCoO, cathode and lithium and graphite anode we are working
presently with in our feasibility sudies. Specificaly, the LiFePO, and Liy 02Aly 2sM Ny 7503.62S0.03
positive eectrode and Sn+based negative eectrode will be assessed with our novel nonflammable
electrolytes. We will aso assess the performance of the inexpengve lithium sat LiTFS intheionic
liquid formulations.

RELEVANT USABC GOALS: High-performance nonflammable dectrolytes/low-cost eectrolytes.

MILESTONES: Our mgor milestone to demondirate a nonflammable Li-ion e ectrolyte based on
ionic-liquid technology should be completed by the planned date of April 2001.

27



PROGRESS TOWARD MILESTONES
Accomplishments toward milestone over last quarter

Using a nonflammable dectrolyte, formulated with an ionic liquid, carbonate solvent, and 1M LiPFg
salt, we obtain good cycling behavior (Fig. 1) in coin cdls using graphite cathodes and LiCoO,
anodes. These imidazolium based ionic liquids form stable SEI's on graphite with the small addition
of carbonate solvents. Although carbonate solvents are flammable, in theseionic liquid
formulations there is no flash point or burning in the flammeakility tests.
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Figure 1. Capacity asafunction of cycling for agraphite/LiCoO, coin cdl.
Further plansto meet or exceed milestones

We have demonstrated the use of ionic liquid based dectrolytes for Li-ion battery sysems. We

plan to optimize the discharge rate cgpability, cyclelife, and minimize the cost of these new
nonflammable dectrolytes.

Reason for changesfrom original milestones

After thefailure of the fluorinated esters to meet the nonflammeable criteria, we initiated an
investigation into using Covaent’s proprietary lonic Liquids (US Petent 5,827,602) as Li-ion
electrolytes. We shifted the focus of the project to investigate these novel materias that have a
wide liquid range, high therma gtability, and lack avapor pressure. In addition, they are
nonflammable and non-corrosive, giving them athermal application range from below room
temperature to approaching 400°C. Initid results using Covaent’sionic liquid based dectrolytes
for Li-ion batteries were very promising. We demondrated the reversible intercaation into
gragphite using an ionic liquid formulated eectrolyte and obtained good results with alithium
meta/LiCoO, cell. We are dso obtaining very promising cycling results using an ionic liquid based
eectrolytein a Li-ion battery using graphite and LiCoO, electrodes at 4.3 V.
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TASK STATUSREPORT

Pl, INSTITUTION: K.Wheder, Ddavare State University

TASK TITLE - PROJECT: Electrolytes- Development of Novel Sulfone Based Electrolytes for
Rechargegble Lithium Battery Applications

SYSTEMS: Li/Polymer
BARRIER: Electrochemicd Stability

OBJECTIVES:. The primary objectives are to fabricate and determine the structure-eectrochemica
dtability properties of a series of sulfone cross-linked PEO polymers.

APPROACH: Our gpproachisto utilize standard organic preparative methods to synthesize a
homologous series of sulfone cross-linked PEO polymers. Synthetic strategies include condensation of
PEG’ swith 3-chloro-2-chloromethyl- 1- propene with akali conditions to produce the expected co-
block 1D polyethers. Further reaction of the polycondensate will follow aradicd initiated cross-linking
with divinylsulfone to give the expected sulfone cross-linked PEO polymers. Additiona studies include
determination of the structura festures and the eectrochemica stabilities of these polymer eectrolytes
with cells that use platinum microdisc (working) and lithium strip (reference and counter) electrodes.

STATUSOCT. 1, 2000: We have prepared and characterized three sulfone cross-linked PEO
polymers based on 400, 2000, and 4600 MW PEG precursors and defined rel ationships between
electrolyte compaosition and eectrochemica gahility.

EXPECTED STATUS SEPT. 30, 2001: We expect to characterize the eectrochemica susceptibility
of polymeric sulfone cross-linked PEO/Lilm dectrolytes under varying conditions and to identify key
pathways of degradation of these eectrolytic sysems. We expect to determine the role of the sulfone
functiondity as related to ectrolyte performance.

RELEVANT USABC GOALS: 10-year life, <20% capacity fade over a 10-year period.
MILESTONES: The mgor milestone of the program centers on improving preparative methods and

determining the influence of key chemica features of the sulfone and polymeric unitsto the
electrochemica processes. Milestone is expected to be achieved by April 2001.



PROGRESS TOWARD MILESTONES
Accomplishments toward milestone over last quarter

Improvements with synthetic methodology show increased reaction yields and materid purities for the
three sulfone cross-linked PEO polymers based on 400, 2000, and 4600 MW PEG precursors.

Voltammetric experiments performed at 25° C with the polycondensates swelled in 0.1 M Lilm CH;CN
solutions reved the onset of polymer decomposition at ~4.0 V vs. Li. Subsequent preparation and
andysis of additiond samples of the polydectrolytic materias confirmed the reproducible nature of the
observed eectrochemical processes.

Further plansto meet or exceed milestones

Exploit key structurd fegtures of the current polycondensate eectrolytes for the rationa design and
synthesis of new dectrolytic materids with improved cell performance.

Elucidate the chemical details of polymer dectrolyte decompaosition.

Determine the correlation between polymer chain length and compostion to dectrochemica
performance.

Reason for changesfrom original milestones: NA



BATT TASK 4
CATHODES

TASK STATUSREPORT

PI, INSTITUTION: M. Thackeray, Argonne Nationa Laboratory
TASK TITLE: Cathodes - Novel Materids

SYSTEMS: Low-Cost (Li-lon) Battery and Li-Polymer Battery
BARRIER: Cos limitations of Li-ion and Li-polymer batteries

OBJECTIVES: To develop low-cost manganese-oxide cathodes to replace vanadium oxide
electrodes in Li-polymer cells and cobat/nickd eectrodesin Li-ion cdls,

APPROACH: Our approach isto search for, characterize, and develop low cost manganese oxide
electrodes that can be used in Li-ion and Li-polymer cdlls, the dectrodes will be synthesized in the
discharged and charged states, respectively. For Li-ion cells, focuswill be placed on layered lithium-
manganese oxide structures that do not convert to spind on dectrochemicd cyding, particularly those
derived from Li,MnQOg; for Li-polymer cdls, the materid of choice is sabilized a-MnO,. (Note: At this
stage of the project, we have downgraded the research priority to search for an aternative vanadium
oxide eectrode, such as VO3, to replace the current materid of choice, LiV 30, becausein the Li-V-
O sygem, LiV 305 is dill believed to be the best vanadium oxide dectrode available for Li-polymer
cdls)

STATUSOCT. 1, 2000: We have exploited the concept of usng a Li,MnO3; component to sabilize
layered LiIMO, gtructures with the ultimate objective of Sabilizing layered LIMNO,. In particular, we
expanded our synthesis efforts to include solid solutions of [x(Li,MnOs)- y(LIMO,)] compositions,
where M = Mn, Ni or Co, or acombination thereof. Optimized compositions have yielded specific
capacities of ~150 mAh/g between 4.5 and 3.0V in Li haf-cdlsat 50°C, but for less than 100 cycles.

EXPECTED STATUS SEPT. 30, 2001: Improvementsin the dectrochemica performance of
[X(Li,MNO3)- y(LIMO,)] dectrodes will have been achieved. A performance target of 150 mAh/g for
100 cycles at 50 °C in Li/[x(Li,MnO3)- y(LIMO,)] cdls hasbeen set. A more detailed understanding of
the behavior of [x(Li2MnOs)- y(LIMO,)] eectrodes will have been gathered. Work on stabilized a -
MnO, eectrodes for Li-polymer cdlswill have been initiated in collaboration with LBNL (J. Kerr) with
an initia target reversible capacity set at 200 mAh/g for 50 cycles.

RELEVANT USABC GOALS:. 10-yesar life, <20% fade over a 10-year period.

MILESTONES: Theinitid milestone (#1) to be reached by the end of April 2001will beto achieve a
reversible dectrochemica capacity of 150 mAh/g from layered [x(Li,MnOs)-y(LIMO,)] eectrodes for
50 cycles at 50°C againgt ametdlic Li counter eectrode. Thiswill beincreased to 100 cycles by the
end of September 2001 (#2). By then amore detailed understanding of the eectrochemica and
gructurd relationships of layered [x(Li,MnOs)- y(LIMO,)] dectrodes will aso have been gathered.
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PROGRESS TOWARD MILESTONES
Accomplishmentstoward milestone 1 over last quarter

Over the past quarter, the synthesis of various compostions of [X(Li,MnO3)- y(LIMO,)] phases was
continued, with an emphasison M=Mn or Ni. Some meterias have been phase pure while others were
not. In particular, the formation of pure Mn-based systems appears to be compromised by the
thermodynamic stability of orthorhombic LiMnO, that tends to form when trivalent Mn is reacted with
Li sdts. To circumvent this, we have attempted high-temperature quench experiments to promote the
formation of [0.33(Li,MnOs)- 0.66(LiMNO,)], but we have had limited success.

One Ni-based composition that showed promising results was [0.1(Li,MNnOs)- 0.9(LiNiO)]. This
meteria was fabricated into an eectrode laminate and cycled inaLi coin cell. The electrochemica data
areshownin Fig. 1. The voltage profile contains three plateaus that do not change appreciably over
time, unlike cels with pure LINIO, electrodes. We attribute this to stacking faults that are introduced by
micro-crydaline LiMnO3; domains that are distributed throughout the composite structure. TEM
experiments and podt-test x-ray diffraction analyses are underway in attempts to validate our
interpretation.

4.5
[0.1L2MnO3 [ 0.9 LiNiO2]

Li half cells (size 2032)
1=0.1 mA/cm’; 4.35 - 2.0 V
RT operation
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Figure. 1. Voltage profile of aLi coin cdl containing acomposite cathode [0.1(Li,MnO3)- 0.9(LiNiO,)]. The inset shows a plot
of specific capacity vs. cycle number. The eectrode provides asteady 150 mAh/g for thefirst 10 cycles.

Further plansto meet or exceed milestones. None

Reason for changesfrom original milestones. N/A
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TASK STATUSREPORT

Pl, INSTITUTION: M.S. Whittingham, SUNY at Binghamton
TASK TITLE - PROJECT: Cathodes— Novel Materids
SYSTEMS: Li/Polymer/Gd and Low-Cost Li-lon
BARRIER: Lower-cog, higher-capacity and safer cathodes

OBJECTIVES:. The primary objective is to find lower-cost and higher-capacity cathodes, exceeding
200 Ah/kg, that are based on benign materials.

APPROACH: Our cathode approach is to place emphasis on manganese dioxides, both pure and
modified with other trangtion metals, usng predominantly low-temperature synthesis approaches.
These materids will be synthesized, and characterized both structuraly and for therma and chemica
gability. All will be evduated dectrochemicaly in avariety of cdl configurations.

STATUSOCT. 1, 2000: We determined that layered manganese dioxides can be structuraly
gabilized, that their stability isafunction of current dengty and/or cut-off voltages, thet their eectronic
conductivity can be significantly enhanced, that their cell cycling can be subgtantialy improved by
addition of other trangition metas, and that hydrothermaly synthesized manganese oxides cycle as well
as high-temperature materids. We aso showed that vanadium oxides can aso be sabilized by the
addition of manganese ions

EXPECTED STATUS SEPT. 30, 2001: For low-cost Li-1on cdls, we expect to identify the changes
in LiMnO, structure as afunction of current dengty in cell cycling, to determine the structure and
composition of the vanadium-gabilized LiMnO, and to increase its electrochemical capacity, to
understand better the behavior of the Li; ;Mny 4Cro 4O, cathode and to determineif thereisan iron
anaog. For Li/polymer cdls we expect to complete the eva uation of the manganese-gabilized d-
vanadium oxides and to compare them to the iron phosphates. Emphasisin al caseswill be placed on
understanding the reasons for capacity fade.

RELEVANT USABC GOALS: 10-year life, <20% capacity fade over a 10-year period.

MILESTONES: Our mgor milestonesthisyear are:

1 tocharacterize the pillared manganese oxide, and improve its capacity to 150 mAh/g with an
ultimate goa of 200 Ah/kg.

2 complete the characterization of manganese-stabilized vanadium oxides and to compare the best
samples with iron phosphates for polymer or gdl batteries by July 2001.



PROGRESSTOWARD MILESTONES

Accomplishmentstoward milestone 1 over last quarter

Earlier we formed a vanadium-oxide pillared manganese oxide [Electrochem. Commun. 2, 445,

2000]. We have cycled this materid at both 0.1 mA/cnt and 1 mA/cnt and see no evidence for the
formation of the spind-like two-step eectrochemica discharge/charge curves. Thisisin direct contrast
to ether LixMnO, or the pillared K,MnO, which both show converson to a spind-like phase on the
first charge/discharge cycle. The capacity of the vanadium-oxide pillared manganese oxide is 150
Ah/kg but drops below 100 Alvkg on increasing the discharge rate to 1 mA/en?. We will be seeking to
increase the capacity.

Further plansto meet or exceed milestones. None

Reason for changes from original milestones: N/A

Accomplishmentstoward milestone 2 over last quarter

Our origind manganese-gabilized d-V,0s compound was a mixture of two phases. It hasavery
respectable 220 Ahkg discharge capacity [Electrochem. Commun. 2, 69, 2000]. In an attempt to
identify the eectrochemically active phas(s) we have succeeded in preparing a pure phase of one of the
two components. This material, [(CHs)4N]o. M n,V,0s, has alattice repesat distance of 13A, and
contains only 0.06 Mn per V,Os; it isthermaly stable to above 250°C with no structura changes. Its
initid capacity is 220 Ah/kg with a mean discharge potentid of 3 V and very little polarization.

However, increasing the manganese content from 0.06 to 0.1 drops the capacity to 180 Ah/kg as

showninFg. 1.
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Figure 1. Capacity of manganese stabilized vanadium oxides, (Ieft) Mn=0.06, and (right) Mn=0.10

Further plansto meet or exceed milestones: None

Reason for changes from original milestones: N/A

Presentations

Invited presentations were made at the Japanese National Battery Meeting, Nagoya, Japan — November
2000, Int. Symposium on Solvothermal Synthesis, Tokyo, Japan — December 12, 2000.

Seminar on “Lithium Batteries’ at NTT Laboratories, Ibaraki, Japan, December 14, 2000.

K. Ngda, P. Y. Zavdij and M. S. Whittingham, “Manganese vanadium oxide compounds as cathodes for
lithium batteries,” presented at Electrochemical Society Meeting, Phoenix, AZ, October 2000; Materias
Research Society in Boston, MA, December 2000.



TASK STATUS REPORT

Pl, INSTITUTION: M. Doeff, Lawrence Berkeley Nationa Laboratory

TASK TITLE - PROJECT: Cathodes -Synthesis and Characterization of Cathode Materias for
Rechargesble Lithium and Lithium lon Batteries

SYSTEMS:. Li/polymer and low-cost Li-ion
BARRIERS:. Cog, cyclelife, safety, and energy density

OBJECTIVES: To develop low-cost cathodes based on benign materids (e.g., manganese oxides,
lithium iron phosphates) having eectrochemical characterigtics (e.g., cyclelife, energy and power
densities) consigtent with the gods of the USABC and/or PNGV .

APPROACH: Cathode materids are synthesized using both conventiona solid-state techniques and
solution methods (e.g., sol-gd, glycne-nitrate combustion). The micro-structures and atomic structures
of the materials are determined by relevant methods, and dectrochemicd andyssis carried out in a
variety of cdl configurations. Emphadisis placed on structurdly stable materias such as tunnd-
containing manganese oxides, aswell asthose of commercid interest, such as spinels and lithium iron
phosphate.

STATUSOCT. 1, 2000: A tunne-containing manganese oxide has been cycled more than 700 times
inaLi/liquid dectrolyte cell configuration, with little cgpacity loss and no structura change. Cells can be
discharged repeatedly a up to 5 C rate with no damage. The effect of Ti-subgtitution upon the
electrochemica characteristics has been determined, and a correlation between unit cell Sze and
capacity has been observed.

EXPECTED STATUS SEPT. 30, 2001: The program will be expanded to include lithium iron
phosphates and substituted spinels as required by the BATT program. We expect to have prepared
samples of LiFePO, available for the program and to have made a prdiminary determination of the
electrochemicd characterisics. We dso will have determined if anion subdtitution of tunne-containing
manganese oxides is a viable gpproach to improving capacity.

RELEVANT USABC GOALS: 10-year life, < 20% capacity fade over a 10-year period.

MILESTONES: Our mgor milestone this year isto provide smal samples (30 g) of conventiona
LiFePO, tothe BATT program by early 2001. We are on schedule.



PROGRESS TOWARD MILESTONES
Accomplishments toward milestone over last quarter
Materidsfor the synthesis of LiFePO, were purchased, and preparation is expected to start shortly.

Cycling of Li/P(EQ)LIiTFSI/Lix Tio 22M 780, cells was completed during this quarter. Thefigure
shows results for three cdlls discharged under different conditions.
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Figure 1. Capacity asafunction of cycle number for Li/P(EO)sLi TFS/Li, Tig M ng 760, cells discharged at 0.1 mA/cn?
between 3.6 and 2.4V (-), 0.1 mA/cm” between 3.6 and 25V (X)), and 0.5 mA/cn® between 3.6 and 2.5V (0).

The highest initia capacity is found for the cdll discharged at 0.1 mA/cn? between 3.6 and 2.4V.
Fading is markedly faster than for the cell discharged at the same rate between 3.6 and 25V (an
average loss of 0.17% compared to 0.04%), so the advantage is lost once the cdlls are cycled more
than 140 times. A cell discharged at a higher current density (0.5 mA/cn) between 3.6 and 2.5V
showed alower initiad capacity and lost an average of 0.06% per cycle. Whiletheinitia capecity is
somewhat improved over that of LiyMnO, at low to moderate rates, the advantage is lost once the
current dengity is increased, and the cycling behavior, athough good, is not as impressive (LikMnO,
loses less than 0.02% of its capacity per cycle, on average, when discharged at 0.5 mA/ent). The
reasons for this have been covered in the last quarterly report. For this reason, we have decided to
investigate substituents other than Ti in our quest to increase the capacity of tunne-containing MnO,s
without compromising the excellent cycling and rate behavior.

Presentation
“Novel Tunne-containing Manganese Oxides with Excedllent Reversibility” presented by M. Doeff at the

DOE Workshop on Interfaces, Phenomena, and Nanostructures in Lithium Batteries, Argonne, IL,
December 11-13, 2000.

Further plansto meet or exceed milestones: None

Reason for changesfrom original milestones: N/A



ETRTASK 5
DIAGNOSTICS

TASK STATUS REPORT

PI, INSTITUTION: F. McLarnon, Lawrence Berkeley Nationa Laboratory
TASK TITLE - PROJECT: Diagnogtics- Electrode Surface Layers
SYSTEMS: Li/Polymer and Low-Cost Li-lon

BARRIER: Short lithium battery lifetimes

OBJECTIVES: The primary objective is to establish direct correations between dectrode surface
changes, interfacid phenomena, and cdll capacity decline.

APPROACH: Our approach is to use dlipsometry, Raman spectroscopy, and advanced microscopic
techniques to characterize dectrodes taken from basdine BATT Program cells, as wdl as thin-film
electrodes in modd cells. Data to be collected include changes in dectrode surface morphology,
electrode surface chemistry, and SEI thickness and composition, which accompany cell cyding.

STATUSOCT. 1, 2000: We defined the relationships between electrode history, electrolyte
composition, electrode surface properties, and temperature for amode thin-film soind LiMn,O,
cathode.

EXPECTED STATUS SEPT. 30, 2001: We expect to identify changesin LiAly osNio.s0C00 150, and
Liz.00Al 25sM 1y 7503.92S0.03 Cathode surface morphology and chemistry which accompany cycling in
LiPFe-EC-EMC, LiTFS +cross-linked PEO, and LiBF, + cross-linked gel dectrolytes, and identify or
confirm specific degradation modes. We expect to characterize SEI formation and growth on lithium
and carbonaceous anodes in LiPRs-EC-EMC, LiTFSI +cross-linked PEO, and LiBF, + cross-linked
ge dectrolytes, and determine the role of SEI growth in cell capacity and power loss.

RELEVANT USABC GOALS: 0 year life, < 20% capacity fade over a 10-year period.

MILESTONES: Our mgor milestone to determine the effect of sulfur additives on the surface
chemidry of LiMn,O, electrodesis expected to be completed by the planned date of April 2001.
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PROGRESS TOWARD MILESTONES
Accomplishments toward milestone over last quarter

We have characterized in detall the surface phase segregation of LiNiy.sC0o .0, cathodes taken from
ATD Gen1Li-ion cdls. Thiswork servesthree purposes. (i) to enhance the capabilities of our
diagnostic techniques for the study of BATT Program dectrodes, e.g., identifying the role of sulfur
additives on eectrode surface chemidtry; (ii) to provide better understanding of LiNip ¢C0o 2,0,
interfacia processes; and (iii) to support ATD Program diagnogtics. Our origina discovery of changes
in cathode morphology and surface composition was made during routine diagnostic tests of ATD
Program cells, however much more work is needed to identify the root cause(s) of these changes and
identify methods to avoid them.

A “reference library” was congtructed by recording Raman spectra of LiNiy.¢Coo .0, powders and
commercidly avalable maerids, and collecting literature data. Raman microscopy was used to
determine the micron-scale Sructurd integrity of these materials and compare their spectral
characterigtics with those of LiNiO, and LiCoOs.. LiNiO, and LiCoO, exhibit pairs of well-defined
vibration bands at 468, 546 and 487, 597 cm™, respectively. In contrast, micro-Raman spectra of
LiNip.sC0o.20, powders exhibit one broad maximum centered at ~520 cmi* and a sharp peak at ~555
cm*. Such spectral characteristics are typical for asolid solution of Co-substituted nickel oxides, rather
than amixture of new crysalline phases. We observed dight variations in the shape of the broad band
at 520 cmi* for different samples, and to alesser extent among different grains in the LiNi C0g 202
powder. These inhomogendties sem from dight variations of surface compostion and structure of the
LiNip sC0p 20, grans.

Micro-Raman spectra of LiNi gCoo 20, cathodes taken from Gen 1 cells stored or cycled at elevated
temperatures (3 40°C) display significant spectral changes. The origindly featureless broad maximum a
520 cmi* split into separate bands at 479, 553, and 565 cm*, and awesk shoulder at ~600 cm™
because of athermaly induced surface phase segregation process. Exposure of LiNip gC0p 0, to
LiPFe-EC-DEC at room temperature reveded no significant electrode surface changes.

Neither substitution of Ni with Co nor Li intercaation-deintercalation changes the LiNi,Co,.,0, R3m
gpace group symmetry. However, Co subgtitution of Ni(ll1) oxidesincreases the crystd lattice
parameter, as reflected by a 3-4 cm ™ of two characteristic 474/554 cmi* NiO,, bands toward lower
frequencies and an increased 474/554 peek ratio. Lithium intercaation into NiO, has the opposite
effect: the bands shift toward higher frequencies and the 474/554 peak ratio decreases. The presence
of separate bands at both sides of the original NiO, pesks and strong relative pesk intengty variationsin
the spectra of Gen 1 cathodes suggest the formation of stable crystdline phases of Ni(I11) or Ni(1V)
oxides with different amounts of Co and Li on the LiNi sCo, 2O, cathode surface.

Further plansto meet or exceed milestones

We are preparing a series of thin-film LiMn,O, dectrodes and will sudy the effect sulfur on their
electrochemica performance.

Reason for changesfrom original milestones. N/A



TASK STATUSREPORT

Pl, INSTITUTION: J. McBreen Brookhaven Nationa Laboratory

TASK TITLE - PROJECT: Diagnogtics - Structure and Characterization of Materias
SYSTEMS: Low-Cost Li-lon

BARRIER: Short lithium battery lifetimes

OBJECTIVES:. The primary objective isto establish direct correlations between eectrode materids
changes, interfacid phenomena, and cdll capacity decline.

APPROACH: Our approach isto use a combination of in situ and ex situ synchrotron techniques to
characterize dectrode materials and dectrodes taken from basdine BATT Program cdlls. Techniques
that are sengtive to both bulk and surface processes will be used. Thiswill include both K and L-edge
X-ray absorption spectroscopy and transmission eectron microscopy (TEM).

STATUSOCT. 1, 2000: We have completed an extensive study of the effect of Li and O
goichiometry on the phase behavior of spind LiMn,O, cathodes during cycling at ambient and at low
temperatures. The effects of eectrode history on the phase behavior of LiMnbO, cathodes were also
investigated.

EXPECTED STATUS SEPT. 30, 2001: We expect to identify the changesin LiNkMn,.O, and
Liz.00Al 25sM 1y 7503.92S0.03 When cycled in LiPFs-EC-DMC dectrolyte. We aso expect to develop a
combination of eectron yied and fluorescent XAS a trangtion metal K- and L-edges as atool for
identification of inorganic surface degradation products in cathodes.

RELEVANT USABC GOALS: 10-year life, <20% capacity fade over a 10-year period.
MILESTONES:

1. Completion of XAS gtudies of LiCrMnO; by April 2001.
2. Completion of XRD and XAS studies of LiNikM O, by June 2001.



PROGRESS TOWARD MILESTONES
Accomplishmentstoward milestone 1 over last quarter

The experimental work on XAS of LiCrMnO; has been completed. The data are complex and are
being andyzed. A paper will be prepared for publication.

Further plansto meet or exceed milestones
None
Reason for changes from original milestones

N/A

Accomplishmentstoward milestone 2 over last quarter
Three LiNkMn,.,O, materids (x = 0.1, 0,3 and 0.5) were prepared by a sol-gd process. All are
dngle-phase spind materiads. XRD was completed on LiNi, ;M O, The data are undergoing
Rietveld andyss. XAS has been completed on both LiNi, sMny 704 and LiNip sMny sO..
Further plansto meet or exceed milestones
None

Reason for changesfrom original milestones

N/A



LBL TASK STATUSREPORT

PI, INSTITUTION: P.N. Ross, Lawrence Berkeley Nationd Laboratory
TASK TITLE - PROJECT: Diagnogics— Interfacia and Reectivity Studies
SYSTEMS: Low-Cost Li-lon

BARRIER: Short lithium battery lifetimes

OBJECTIVES. The primary objective is to establish direct corrdaions between eectrode surface
changes, interfacid phenomena, and cdll falure.

APPROACH: Our approach is to use Fourier transform infrared (FTIR) spectroscopy and xray
photod ectron spectroscopy (XPS) to study model eectrode/dectrolyte combinations, e.g., usng glassy
carbon dectrodes and BATT Program electrolytes, to provide the basis to interpret more-complex
spectrarecorded for ATD Program cell materias.

STATUSOCT. 1, 2000: We identified one of the mechanisms of SEI layer formation on carbon
anode in EC-based eectrolytes.

EXPECTED STATUS SEPT. 30, 2001: Establish thermd gtability of the SEI layer on graphite
anodesin GEN 2 dectrolyte. Identify some routes to improved stability via e ectrolyte additives and/or
graphite pre-treatment.

RELEVANT USABC GOALS: 10-year life, <20% capacity fade over a 10-year period.
MILESTONES:. Our mgor milestone to ingtal and calibrate a new IR microscope is postponed to

April 2001 due to the delay of equipment funds. Another new milestone is set to demondrate that one
of our diagnogtic techniques can identify afailure mechanism in aLi-ion bettery.
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PROGRESS TOWARD MILESTONES

Accomplishmentstoward milestone 1 during last quarter: A purchase order for IR
microscope was placed. 1t was demonstrated that AFM is ussful in detecting SEI layer formation, a
sep towards identifying SEI layer formation mechanism.

Further plansto meet or exceed milestone; XPSand AFM will complement the FTIR results
in identifying a failure mechanism in Li-ion battery.

Reason for changesfrom original milestone: This milestone was postponed to April 2001 due
to the ddlay of equipment funds.

- Accomplishmentstoward milestone 2 during last quarter: Therole of vinylene carbonate (VC)
as additivein Li* ion electrolyte was further investigated by in situ Atomic Force Microscopy (AFM).
A solution with 1 vol% of VC in THF with 0.1 M LiClO,4 was used as the dectrolyte. A polished
glassy carbon (1.2 x 1.2 cm) was employed as the working e ectrode with Li metal as both the
reference and counter electrode. The potentid was stepped down from 2 to 0.5V with 100 mV
interval. Surface profiles were scanned at each step. The data indicate that a surface film was sarting
to develop on the electrode surface at 1.2 V. The AFM images at open circuit potential and 1.2 V are
shown respectively in Figs. 1A and 1B below. Thisfinding is consistent with the reduction of VCin
THF reported previoudy by our group (Fig. 2). The thickness of the surface film was measured to be
~10 nm. This observation confirms our previous conclusion that VC isforming a SEl layer a high
potential before Li* intercalation into graphite and therefore prevents solvent co-intercaation.

Fgure 1B
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Figure2. Cydlic voltammetry for THF-based eectrolyte (1) without target solvent species, and (2) with VC dissolved within (2
for the 1% cycleand 2’ for the 2™ cycle). Only reduction on the 2™ cycleis shown.

Further plansto meet or exceed milestone: None

Reason for changesfrom original milestone: N/A
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TASK STATUS REPORT

PI, INSTITUTION: E. J Cairns, Lanrence Berkeley Nationa Laboratory

TASK TITLE - PROJECT: Diagnodiics- Synthess and Characterization of Electrodes
SYSTEMS Li-lon and Li-polymer Batteries

BARRIER: Rapid capacity fade

OBJECTIVES:. The primary objectives are (1) to directly observe Li in BATT Program cathode
materias, characterize the Li atomic and eectronic loca environment, and determine changesin this
environment with cycling; and (2) to synthesize intermetallics that have higher capacities than carbon
electrodes and that demondtrate stable capacities during cycling.

APPROACH: Our approach isto use ‘Li MAS-NMR to characterize e ectrodes before and after
cyding. Datato be collected are isotropic chemica shift, linewidth, and relaxation times for each
gpeciesof Li. We prepare intermetalics in the Mg-Sn system by mechanicd aloying. Characterizations
are performed with x-ray diffraction and microscopy techniques.

STATUS, OCT. 1, 2000: Milling conditions to synthesize cubic and rhombohedra forms of MgSn
were determined. Amorphous Mg Sn dloys could not be produced by mechanica dloying in atypica
high- power bal-mill. Attempts to synthesize a metastable, cubic Mg s;Sn dloy were started. Cycling
tests showed that cubic-M@Sn capacities can exceed capacities for carbon eectrodes, but the
capacities fade below 100 mAh/g after afew cycles. Comparisons between fine-grained Mg.Sn and
coarse-grained MgSn show that the microstructure of these intermetdlics influences eectrochemica
performance. X-ray diffraction of cycled dectrodes indicates that a magjor mechanism for the capacity
decay is converson of the intermetdlic into Mg and Sh.

EXPECTED STATUS SEPT. 31, 2001: We expect to have concluded our evauation of the Mg-Sn
system. We plan to perform nuclear magnetic resonance experiments to aid in the characterization of
the microstructure of the intermetallics and to determine Sites that are occupied by Li. We expect to
have identified the role of the microgtructure in Mg:Sn, studied through experiments on as-milled
samples and on anneded samples, on the eectrode capacity and cyclelife. Similar work will be
performed on the metastable, rhombohedral-M gSn phase to determineif this more conductive phase
retainsits structure during cyding.

RELEVANT USABC GOALS: 10-year life, <20% capecity fade over a 10-year period.
MILESTONES: Our mgor milestones are to compare NM R-observable properties of stoichiometric

and substituted tunnel-structure eectrodes before and after cycling, and to complete work on the cubic-
M@Sn phase by April 2001.



PROGRESS TOWARDSMILESTONES
Accomplishments toward milestone during last quarter

Priminary 'Li MAS NMR spectra have been acquired for several tunne-structure materials. These
gpectrawere obtained using a 181 MHz magnet, and thus show subgtantid linebroadening arising from
coupling between the Li nucleus and unpaired manganese d-€electrons. Representative spectraare
shown below.
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These spectraindicate the existence of severd chemicaly digtinct types of lithium. In fact, the Ti-
subdtituted composition shows sgnificant spectra overlgp arising from awide variety of lithium Stes

Appropriate milling conditions and heet treatments to produce a crystdline cubic MgSn phase, a
nanocrystaline cubic M@Sn, and arhomobohedral M@Sn phase were determined. XRD and TEM
showed that the as-milled materials had poorly shaped grainsthat did not significantly grow after
nucleation. Differencesin the electrochemica performance between the as-milled materids and the
highly crystdline, annedled materids were noticeable. XRD results for cycled dectrodes showed that
sgnificant converson of the intermetalic into Mg and Sn occurs during cycling.

Further plansto meet or exceed milestone

Future work will use a100 MHz magnet. Gresater resolution is expected, and isotropic peaks will be
assigned by comparison of spectraobtained at both fields. It is expected that resolution will be
improved to the point that relaxation times and linewidths will be obtainable for each isotropic pesk.
Knowledge of raxation timeswill alow the determination of a quantitative relationship between lithium
content and Li NMR signd intengity.

We will atempt to use Sn NMR to quantitatively determine the amount of Sn in different environments
inthe MgSn intermetalics, particularly the amount of Snin defect stes. This may help explain the
differences in eectrochemical performance between the samples with different microstructures. Cycling
will be performed with higher voltage cutoff limitsto try to reduce the conversion of MgSn into Mg and
Sh during eectrode charging.

Reason for changesfrom original milestone: N/A



TASK STATUSREPORT

PI, INSTITUTION: J. Evans, Lawrence Berkeley Nationd Laboratory

TASK TITLE - PROJECT: Diagnogics- EQCM Studies of the SEI on Carbon Anodes
SYSTEMS: High-power Li-ion battery

BARRIER: Irreversble capacity loss due to SEI formation and growth

OBJECTIVES:. The primary objective isto understand SEI formation and growth on carbon anodes.
APPROACH: Our gpproach isto use an eectrochemica quartz crysta microbaance (EQCM) to
characterize the SEI formed on disordered carbon thin-film eectrodesin mode cells. Daato be
collected are changes in mass of the SEI on the dectrode and, thereby, the SEI growth with cdll cycling
isstudied. A joint study to combine spectroscopic €lipsometry and EQCM gives us the SEI density.
STATUSOCT. 1, 2000: We estimated the SEI density on disordered carbon thin-film dectrodes and
observed mass changes corresponding to Li intercaation/deintercaation in 1M LiClIO,/ EC+DMC
eectrolyte.

EXPECTED STATUS SEPT. 30, 2001: We expect to corrdate SEI formation and growth with the
eectrolyte LiPFs or LiTFSI / EC+DMC dectrolyte and impurities (e.g., Hz0).

RELEVANT USABC GOALS: 10-year life, <20% capacity fade over a 10-year period.

MILESTONE: Our mgor milestone to study the dynamic nature of the SEI as afunction of
electrolyte compostion during cycling is expected to be completed by the planned date of July 2001.



PROGRESS TOWARD MILESTONES
Accomplishmentstoward milestone over last quarter

A mode was developed for interpretation of past data obtained in EQCM and cyclic voltammetry
experiments. The modd shows that while the total charge measured during cyclic voltammetry is dueto
SEI growth (Qn se) and Li intercdation (Q, i), the totd frequency change results from chemicd
reactions (-Df,;) aswell asLi intercdation (-Df,, ;) and eectrochemica reactionsin SEI growth (-
Df,se). Thefollowing are the equations that outline the modd.

Q = Qe + Quu
(' D‘n) = (' Dcn,SEl ) + (' un,Li) + (' ut)

Figure 1 contains the frequency change plotted vs. time during cyclic voltammetry and some frequency
changes caculated based on the modd. The chemical reaction term is estimated using the frequency
change a OCV inthelast quarterly. By diminating the contribution of Li intercaation and chemica
reactions from the measured frequency change, the frequency change due to SEI can be separated, and
thisterm is expressed as.

C
- Df SEl ° ?f (mpe n,SEl mpe Li) Qn,SEI

where Ciand F are constants, and mpe, s is the mass per eectron of SEI formed at the nth cycle. The
blue curve (-Dfsg ) approaches zero with time and this means that the charge for the SEI decreases with
cyding. After the 16" cycle (about 60000 sec) under our experimental conditions, the SEI ceasesto
grow.
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Figurel. Frequency change plotted vs. time during cyclic voltammetry (20 cyclesa 1mV/sin LiClO, / EC+DMC) and some
frequency changes cdculated for the andyss.

Further plansto meet or exceed milestone

Cyclic voltammetry, with experimenta conditions the same as before, will be conducted for
LiPF/EC+DMC or LITFSI/EC+DMC dectrolytes. The same analysisfor SEI formation and growth
will be made and the results will be compared with our past results on LiCIO /EC+DMC.

Reason for changesfrom original milestone: N/A
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BATT TASK 6
MODELING

TASK STATUS REPORT

PI, INSTITUTION: J Newman, Lanrence Berkeley National Laboratory

TASK TITLE - PROJECT: Modding - Improved Electrochemica Models
SYSTEMS: Li/Polymer and Low-Cost Li-lon

BARRIERS: Poor polymer transport properties, therma management, dendrite formation

OBJECTIVES: Develop experimental and computationa methods for measuring and predicting
transport, kinetic, and thermodynamic properties. Modd dectrochemica systems to optimize
performance, identify limiting factors, and mitigate faillure mechaniams.

APPROACH: Use gdvanodtic polarization technique to measure a complete set of transport
properties, which aids selection of improved polymer eectrolytes. Develop molecular dynamics
program to predict diffusion coefficients in multicomponent solutions. Use potentiometric technique to
measure entropy and develop therma model that accounts for concentration effectsin insertion
electrodes, in order to improve therma management. Develop model of factors affecting dendrite
formation on Li metal. Use Raman spectroscopy to measure in situ concentration profile and dendrite
growth.

STATUSOCT. 1, 2000: Measured transport propertiesin PEMO-LITFS polymer ectrolyte and
improved the measurement technique. Completed computer program and simulations for eectrolyte
diffuson coefficient of NaCl and KCl in water. Used caorimetry to validate energy baance. Measured
entropy in manganese oxides. Developed a prdiminary modd for dendrite growth which includes
effects of surface tenson. Developing Raman spectroscopy methods to examine dendrite growth in
situ.

EXPECTED STATUS SEPT. 30, 2001: We expect to complete measurements of the transport
properties of PEMO-LITFS and to complete refinement of both the galvanogtatic polarization method
and the trangtion-time verification method. Modification of the molecular dynamics program to predict
diffuson coefficients in multicomponent eectrolytes currently of interest to the BATT program, such as
LiBF4 in EC.PC, will be ongoing. Measurements of the entropy of reaction in BATT basdine materids
will be completed. Moddling of the SEI layer will be ongoing. Refinement of amodd of dendrite
growth to include relevant physca effectswill be ongoing, aswill experimenta work to observe
dendrite growth and concentration profilesin situ usng confoca Raman spectroscopy.

RELEVANT USABC GOALS: Specific power 300 W/kg, 10 year life, <20% capacity fade.
MILESTONES: Milestone 1 to modd agglomeration in tin composite oxide (TCO) has been

changed to developing a preiminary mode of transport through the SEI layer by August 1, 2001.
Milestone 2 to design a cdll container for in situ confocal Raman microscopy is added for July 1, 2001.
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PROGRESS TOWARD MILESTONES

Accomplishmentstoward milestone 1 during last quarter:
With Steve Sloop and John Kerr, we completed measurement of the transference number and diffusion
coefficient on the PEMO-LITFSl system at 85°C. Results were presented at the Oct. 2000 meeting in
Phoenix and in a subsequent proceedings paper. Unlike previous reports, negative values of the
transference number were calculated at low concentrations, possibly due to Side reactions and/or ion
association. Trangtion+time experiments were also made as part of this study and were congstent with
the occurrence of side reactions.

Changes to the molecular dynamics computer code to permit smulation of carbonate solvent molecules
areongoing. In addition, we are attempting to ascertain the smulation-size dependence of the
diffusond properties, o that we may optimize the smulation sze. Difficultieswith the smulation
agorithm have been encountered due to the planar structure of many of the carbonates.

We have conducted a literature review to determine which design options appear to successfully
address the issue of loss of contact in dloy eectrodes. We have learned that there are three
smultaneous factors contributing to loss of contact: dloy expanson and contraction leading to cracking
and particle contraction away from a continuous eectrica path to the current collector, SEI formation
around freshly exposed surface area, and particle agglomeration causing increased stresses during
lithiation and ddlithiation. Therefore any design option must 1) ether involve no volume change or
cregte adriving force to push particles together during contraction, 2) prevent resistive compounds from
forming between particles during volume change, and 3) prevent particle agglomeration. Although TCO
dows particle agglomeration to some extent, it does not create a driving force to push particles together
during contraction since the composite oxide isrigid and brittle and does not participate in any
reformation reection.

The entropy of reaction as afunction of state of charge was measured in LiNip gC0oo O, and in graphite
MCMB 25-28. Measurements for tunne LiMnO, and other basdline materidsin the BATT program
are planned for next quarter.

Further plansto meet or exceed milestone: The focus of this modeing project will shift to
modeling the effects of the SEI layer on interparticle contact.

Reason for changesfrom original milestone: Result of literature review.

Accomplishments toward milestone 2 during last quarter
The modd of dendrite growth completed in September, which accounts for kinetic, concentration, and
surface-energy effects on potentia, has been modified to dlow the gathering of more datain the
amulation. A prdiminary andyss usng dadticity theory has shown that the mechanical properties of the
separator affect dendrite growth more significantly than surface forces; furthermore, the plagticity of the
Li surface needs to be accounted for in the mechanica andysis. The construction of parald eectrode
cdlsfor in situ observation of dendrite growth and concentration profiles in polymer dectrolytes has
undergone severd design revisons. Further modifications are needed to build acdl configuration thet is
artight, inert, trangparent, and fits insde the confocal Raman microscope.

Further plansto meet or exceed milestone: None

Reason for changes from original milestone: N/A (new milestone)



TASK STATUSREPORT

Pl, INSTITUTION: A.M. Sastry, University of Michigan

TASK TITLE - PROJECT: Modding - Falure Mechaniamsin Li-ion Sysems Design of Materids
for High Conductivity and Resistance to Delamination

SYSTEMS: Low-Cost Li-lon
BARRIER: Short lithium bettery lifetimes

OBJECTIVES: The primary objective of these sudiesis to explain and predict the role of conductive
and mechanical failures on reduced performance in the basdine systems, by tightly coupled experimenta
and smulation studies of microscae trangport and mechanics phenomena.

APPROACH: Corrddion of ddamination, high impedance and temperature/structure/function
phenomena with specific materids compaosition and morphology will be developed, making use of the
extensve software developed for tracking mechanica and conductive losses in heterogeneous materials
a UM. Specific comparisons will be undertaken, using cdls provided by the ATD and BATT
programs.

STATUSOCT. 1, 2000: We developed finite eement representations of modd carbon materiads, and
developed a means for measuring conductivity of thin eectrodes.

EXPECTED STATUS SEPT. 30, 2001: We expect to confirm sructure/function relaionshipsin
ATD Gen 1 and Gen 2 cdls, through image anadlyss and testing, with verification from finite d ement
smulations.

RELEVANT USABC GOALS: 10-year life, <20% capacity fade over a 10-year period.

MILESTONES: We expect to test DOE ATD Program Gen 1 and 2 cells, provided by Argonne
National Laboratories, by May 31, 2001 (dtart date: 2/01).



PROGRESS TOWARD MILESTONES
Accomplishments toward milestone over last quarter

We have continued smulations development, culminating in a generd- purpose solver for determination
of conductivity of irregularly-spaced and shaped particles. These particles are representative of carbons
in the anodes of the Li-ion cdlstha we intend to sudy. We have dso made progress in mechanics
amulations of stresses at particle junctures. Our main accomplishments thus far are:

1. conductivity code for automatic generation of irregular arrays of conductive particles, and code
benchmarking againgt classcal models

2. mechanics modeling of interconnects, accounting for "fillet" intersectionsin 3D synapses, and
detailed comparison with previous 2D modding

Further plansto meet or exceed milestones
We have an agreement with ANL to supply cycled and uncycled batteries/'components, particularly Li-
ion anodes of type Gen 1 and Gen 2, for sudy. We aso have, ahead of schedule, begun devel opment

of aconverson of 2D smulationsto alow incorporation of 3D results, in mechanical smulations of
interfacia stresses.

Reason for changes from original milestones: N/A



TASK STATUSREPORT

PI, INSTITUTION: J. Evans, Lawrence Berkeley Nationd Laboratory
TASK TITLE - PROJECT: Modding - Therma Modding of Li Baiteries
SYSTEMS: Li-polymer (Li-ion)

BARRIER: Thermd management and safety issues, battery efficiency.

OBJECTIVES. The objective is the ability to predict the thermd behavior (including stability) and
efficiency of Li batteries for usein dectric or hybrid vehicles.

APPROACH: The approach is a combindgion of mathematicd modding and experimenta
measurement. The modding couples the numerical solution of the equations for heat generation and
transport within a battery to the equations describing battery eectrochemistry.

The experiments are to measure fundamenta properties for input into the moded or for comparison with
mode predictions. Therma conductivities of cell components are measured, as are heat generation
rates, in laboratory and commercid cdls.

STATUSOCT. 1, 2000: A coupled mathematica mode had been developed and found to show a
reasonable fit to limited experimenta data on heet generation during discharge of |aboratory Li-polymer
cdls.

EXPECTED STATUS SEPT. 30, 2001: Refinements of the mathematica modd will be completed.
The dectrochemica caorimeter will be used to measure the heeat generation rate of alimited number of
commercid Li-ion batteries.

RELEVANT USABC GOALS: 75-80% discharge efficiency, thermd loss 15% of capacity in 48hrs,
safety.

RELEVANT USABC GOALS:. Tolerance to abusive operating conditions.

MILESTONES: Completion of measurements on Li-polymer cells available under the BATT
program - September 2001

51



PROGRESSTOWARDSMILESTONES

Accomplishments towar ds milestones over last quarter

Previous work a LBNL has shown that the Li/polymer cdll isinherently ungtable with respect to
perturbations of large length scales under conditions representative of planned gpplication. That is, any
overheated region becomes a Site for enhanced heet generation, and thereby for further escalation of the
temperature. Fortunately, it gppearsthat the rate of escaation is sufficiently low that this ingtability will
present a danger only with repested cycles at high charge/discharge rates. Thisingability is more
sgnificant for perturbations with alarge length scale because ones of smdl length scale can be dissipated
by conduction. Accordingly acloser examination of large length scde perturbations, particularly ones
with alength scale comparable to the dimensions of the cell stack has been carried out.

Perturbation analysis presented in previous work, Song (1997), suggests that in batteries with
dimensions of about 0.5 meters, thermd perturbations should grow when the wavenumber of the
perturbation falls below 15. Upon closer examination, one finds that when the wavenumber reaches 15,
the wavelength of the perturbeation is nearly the dimension of the battery; therefore the tenets of
perturbation theory are questionable. This can be demondtrated by examining the results of a2D
smulation for perturbations with varying wavenumber and amplitudes, as shown in the figures below.
The plots show the development of the trough-to- peak temperature difference of asnusoida
perturbation, normalized by the initial value of that difference. Omega s the wavenumber (m') and the
stack is discharging a 5 mA. i, When the wave number is large, and the wavelength of the
perturbation is much smdler than the dimension of the battery, the results from the smuletion are
independent of the amplitude of the perturbation (K). Furthermore the stack is stablei.e. the waveis
decaying as discharge proceeds. However, when the wavenumber is smdll, the results are dependent
on the amplitude and therefore the results from the perturbation anadys's, including whether the
perturbation grows or diminishes, become dependent on the amplitude and position of the perturbation.
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Further plansto meet or exceed milestones:

The dectrochemica calorimeter that isto be used for measurement of heat generation in Li-polymer

cdlsiscurrently not operating. We are working with the manufacturer to determine the difficulty and
anticipate a functioning and working caorimeter by April. The caorimeter will then be used for heat

generation measurements on cells becoming available (e.g., from HydroQuébec) at that time.

Reasonsfor changesfrom original milestones: N/A
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PROPOSALS UNDER REVIEW

ORGANIZATION TITLE
(Principal Investigator)

[llinois Indtitute of Technology Deveopment of Nonflammable

(J. Prakash) Electrolytes for Lithium-lon Batteries
Northwestern University Highly Conductive Polyeectrolyte-
(K.M. Abraham) Containing Rigid Polymersfor Lithium

or Lithium-lon Batteries

Covdent Associates Non-Fammable Electrolytes for

(A.B. McEwen) Lithium-lon Batteries

North Carolina State Univ. Composite Polymer Electrolytes for Use
(Khan, Fedkiw, Baker) In Lithium and Lithium-1on Batteries
HydroQuébec Research on Lithium-1on Polymer

(K. Zaghib) Batteries Utilizing Low Cogt Materids
University of Michigan Failure Mechaniamsin Li-lon Systems.
(A.M. Sastry) Desgn of Materids for High Conductivity

and Resgtance to Delamination

STATUS

Renewa
Proposal -
Under Review

Renewad
Proposa -
Under Review

Renewd
Proposal -

Renewd
Proposal -
Under Review

Unsolicited
Proposal -
Under Review

Renewd
Proposal -
Under Review



BATTERIES FOR ADVANCED TRANSPORTATION TECHNOLOGIES

October 2000
13- 18

22- 27

23- 28

March 2001
11- 14

25- 30

April 2001

17 - 19

May 2001
11- 14

(BATT)
QUARTERLY REPORT FOR OCTOBER - DECEMBER 2000
CALENDAR OF UPCOMING EVENTS

17" Internationa Electric Vehicle Symposium & Exposition — Montreal, Canada (Ms. Pam
Turner, EVS-17 Symposum Manager; (650) 365-2802; fax: (650) 365-2687;
€l ectricevent17@aol.com).

198th Electrochemica Society Meeting - Phoenix, AZ (Brian E. Rounsavill, The
Electrochemica Society Inc., 10 South Main Street, Pennington, NJ 08534-2896; (609)
737-1902, fax: (609) 737-2743; www.electrochem.org) Hyatt Regency

7™ Frumkin Symposium on Electrochemisiry — Moscow, Russia (Prof. B.M. Grafov,
Russan Academy of Sciences, A.N. Frumkin Ingtitute of Electrochemistry, Leninsky
prospect 31, 117071 Moscow, Russia; fax: 7-0959520846; vek@netra.el chem.ac.ru)

3rd Hawaii Battery Conference (HBC2001) - Kamuela, HI (Dr. A.N. Dey, ARAD
Enterprises, 39 Poko Place, Hilo, HI 96720; tel/fax: (508) 759-4617; lithium@capecod.net)
The Outrigger Waikoloa Beach Resort

16th Annua Battery Conference on Applications and Advances - Long Beach, CA (Hitesh
Somani, Conference Coordinator, Das, Annud Battery Conference, Dept. of Electrical
Engineering, Cd State Long Beach, 1250 Bellflower Blvd., Long Beach CA 90840-8303;
(562) 985-4605; fax: (562) 985-7561; battery@csulb.edu)

14th IBA Béttery Materids Symposium - South Africa (Edward Coombs, +27 13
7593500; fax: +27 13 7526002; ecoombes@deltaemd.co.za; Mike Thackeray, (630) 252-
9184; fax: (630) 252-4174; thackeray@cmt.anl.gov) Kwa-Maritane Game Lodge

199th Electrochemica Society Mesting — Washington D.C. (Mr. Brian E. Rounsavill, The
Electrochemica Society Inc., 10 South Main Street, Pennington, NJ 08534-2896; (609)
737-1902, fax: (609) 737-2743; brian@electrochem.org;

http:/Aww.€l ectrochem.org/staff/brian/html)

Space Power Workshop — Redondo Beach, CA (Jackie Amazaki, 301-336-4073;
Jacqueline.y.amazaki @aero.org; http://www/aero.org/conferences/power) Crowne Plaza

Batteries 2001 — Paris, France (www.batteries?2001.com)

PES 2001, Polymer Electrolytes Symposum — The Netherlands (Symposium Secretariat:
c/o LGCE, P.O. Box 83005, NL-1080 AA, Amsterdam, The Netherlands; +31 20 679

3218; fax: +31 20 675 8236; PES2001@Igce.nl)
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July 2001

1- 6 Internationa Conference on Materids for Advanced Technologies— ICMAT 2001 —
Singapore (B.V.R. Chowdari, Department of Physics, National University of Singapore, 10
Kent Ridge Crescent, Singapore 119260; 65-874-2956; fax: 65-777-6126;
phychowd@nus.edu.sg; http:/mww/mrs.org.sg/icmat2001
9- 13 International Conference on Electrified Interfaces 9" in a Series on Non- Traditiona
Methods — Nova Scotia (Dr. Sharon G. Roscoe, Chemisiry Dept., Acadia University,
Wolfville, Nova Scotia, Canada BOP 1X0; fax: 1 9025851114; sharon.roscoe@acadial.ca)
September 2001
2- 7 200 ECS - Joint Internationd Mesting of 1SE and ECS- San Francisco CA (Dr. O.
Dossenbach; odossenbach@pingnet.ch)
May 2002
12- 17 2014t Electrochemical Society Meeting — Philadephia, PA — ECS Centennid Meeting (Brian
E. Rounsavill, The Electrochemica Society Inc., 10 South Main Street, Pennington, NJ
08534-2896; (609) 737-1902, fax: (609) 737-2743; brian@el ectrochem.org;
http:/Mmww. d ectrochem.org/staff/brian/html)
June 2002
23— 28 11™ Interantioanl Conference on Lithium Batteries (IMLB-11) — Monterey CA (IMLB 11
Conference Secretariat, ¢/o The Electrochemica Society Inc., 10 South Main Street,
Pennington, NJ 08534-2896; (609) 737-1902, fax: (609) 737-2743;
ecs@el ectrochem.org; http:/Amww.d ectrochem.org/meetings/011/imlb11.html)
September 2002
3-8 53rd ISE — Dussddorf, Germany (Prof. JW. Schultze, Inditut fur Physikdische Chemiell,
Universitat Dussddorf, Universitatsstr 1, D-4000 Dussdldorf 1, Germany; fax: 49
2118112803; schultzj @rz.uni-duesseldorf.de)
October 2002
15- 18 17" Internationa Electric Vehide Symposium & Exposition — Montreal, Canada (Ms. Pam
Turner, EVS-17 Symposium Manager; (650) 365-2802; fax: (650) 365-2687;
dectriceventl7@aol.com).
6- 11 202nd Electrochemica Society Meeting — Salt Lake City, UT (Brian E. Rounsavill, The
Electrochemica Society Inc., 10 South Main Street, Pennington, NJ 08534-2896; (609)
737-1902, fax: (609) 737-2743; brian@electrochem.org;
http://Amww.el ectrochem.org/staff/brian/html)
August 2003

31 — Sept. 5 54th ISE — Forianopolis, Brazil (Prof. L.A. Avaca)
September 2004

55th ISE — Thessaloniki, Greece (Prof. E. Theodoridou)



